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STUBBY TWIG. A NEW VIRUS DISEASE OF PEACH AND NECTARINE 
IN CALIFORNIA ! 


H. Keith Wagnon, James R. Breece, and Archie Schlocker * 


SUMMARY 


Stubby twig is proposed as the name for a here- 
tofore unknown virus disease of peach and_ nec- 
tarine found during the course of making budwood 
source inspections in California in 1952.  Bud- 
inoculation tests made during 1952-1956 from 14 
source trees into 41 test trees resulted in transmis- 
sion to 33 trees. Field inspections have shown the 
virus to occur in 15 counties of California. Forty- 
eight varieties have been shown to be susceptible. 


Symptoms consist of chlorotic leaves, stubby twig 
growth, and decreased fruit production. Some of 
the symptoms may be confused with those resulting 
from girdling and from western X-disease and yel- 
low leaf roll viruses. There is no evidence of spread 
of the disease in commercial plantings. The virus 
has been spread by man through inadvertent use ol 
infected budwood. 


A new virus disease of peach and nectarine was 
found in August and September, 1952. during inspec- 
tion of peach nectarine budwood sources in 
Merced County. California (5. 6. 7). Trees of 1 
nectarine and 4 peach varieties showed yellow “flags,” 
consisting of yellow. rolled leaves on occasional twigs. 
In 1953-1957 similar symptoms were seen on addi- 
tional peach and nectarine varieties in other counties. 
The leaf symptoms, suggestive of yellow leaf roll and, 
to a lesser extent. western X-disease (1, 2. 3). 
these of any peach disease known to occur in Cali- 


were not 


fornia. The terms “false yellow leaf roll.” “terminal 
stunt.” and “terminal dwarf” have been used to desig- 
nate this disease during field work. Because the ulti- 
mate effect is a shortening of internodes, giving stubby 


growth, we propose the name “stubby twig.” Graft 
inoculations by budding made in 1952-1956 have 


Experimen- 
tally infected trees. in an isolation plot. and naturally 
infected trees. in commercial plantings. have shown 


shown this disorder to be a virus disease. 


foliage and twig symptoms. 

When inoculations are made 
during the summer months. the first symptoms usually 
appear the following year. between July and October, 
in a few leaves near the tips of affected current shoots. 
These leaves gradually turn pale-green to light-yellow, 
and their margins roll slightly upward and inward 
toward the midribs. As the affected current shoot con- 


SYMPTOMATOLOGY. 


tinues to grow. normal-appearing foliage may be pres- 
ent above and below the symptomatic leaves. 

\s the season advances. a conspicuous yellowing 
begins at the apices of affected leaves and gradually 
extends toward the bases (Fig. 1A). It may be more 


Accepted for publication April 3, 1958. 
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prominent along the midribs and larger veins of af- 
fected leaves. As the leaf rolling becomes more pro- 
nounced, it is often accompanied by a swelling of some 
veins. The yellow color may gradually change to red- 
dish-orange. while leaf tips and leaf margins near the 
apices often become necrotic. The necrosis follows the 
Affected leaves are usually re- 
tained until normal defoliation. 

About the end of the first growing season, shortened 
internodes may develop on affected twigs, thus termi- 
If they develop before the season 


veins in some cases. 


nating the shoot. 
ends they may be followed by a few longer, and nor- 
mally spaced, internodes. Shoots terminated by short- 
ened internodes are stubby or club-shaped in appear- 
ance (Fig. 1C,.D). Infected twigs tend to become brit- 
tle. Macroscopic examination indicates a minimum 
xylem formation accompanied by an overdevelopment 
of tissues external to cambium. 

All of the above-described 
may also appear on current-season growth of the see- 
ond and subsequent years. Foliage symptoms in addi- 


first-season symptoms 


tion develop on wood that is l-year-old or older on 
trees infected 2 or more years. These consist of de- 
layed foliation and 2 distinct leaf symptoms, | appear- 
ing in early spring and the other in summer. During 
the early part of April, affected leaves can be recog- 
nized by their subnormal size, asymmetry, and irregu- 
lar margins. Contrasting light and dark shades of 
green appear side by side in small sectors on angular 
areas of the leaf blade, giving a marbled effect. This 
leaf sectoring, although diagnostic for stubby twig, is 
ephemeral. As the season progresses the marbling be- 
comes obscure; by midsummer it is difficult to recog- 
nize. Twigs that bear these early-spring leaf symptoms 
may or may not exhibit other symptoms of the disease. 
Results of tests to date indicate that, when trees are 
inoculated during summer months, the spring leaf 
symptoms may not appear until 2 growing seasons 
later: however, these symptoms may appear the first 
year after infection if the inoculations are made early 
enough in the growing season. 

The summer leaf symptom is more permanent, but 
does not become distinct before June. Twigs that will 
exhibit the summer leaf symptom are characterized 


PuytorpatHoLocy for August (48: 391-464) was issued September 15, 1958 
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1. A) Leaves of infected Halehaven peach variety showing extreme rolling and chlorosis beginning at the tip 
S 


Gotan). 
representing 4 years of growth. D) 


B-D) Dormant wood of Rio Oso Gem peach (photograph by C. Clower; all superscriptions 
B) Twig from normal tree showing 2 years (1956-1957) of growth. C) Twig severely affected by stubby 
wig moderately affected by stubby twig virus (2 years of growth). 
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early in the growing season by stubbiness, brittleness, 
delayed foliation, bud failure, and, sometimes, by die- 
back of the terminals. Surviving terminal and lateral 
As the 
season progresses, some of these affected twigs may 
assume a more natural growth, tending to mask the 
stubby and club-shaped character of the terminals, 
making their detection difficult. However, by the mid- 
dle of June. these twigs again become noticeable. be- 
cause of their sparse, slightly chlorotic, and somewhat 


buds on affected twigs usually develop slowly. 


dwarfed foliage. 

With the advance of the growing season, the under- 
developed chlorotic leaves become progressively more 
chlorotic, sometimes developing red to reddish-brown 
spots. which may easily be mistaken for symptoms of 
nitrogen deficiency. By July, affected twigs, with their 
pale-green to yellowish foliage, become conspicuous, 
and. at first glance, the damage suggests the effects 
of wire girdling, or even simple mechanical breakage. 
When retarded twigs are confined to one part, the tree 
looks Vigorous, normal-appearing 
often develop below the dead or retarded terminals 


lopsided. shoots 
(Fig. 1D). The new growth is apparently forced by 
destruction of the apical dominance of affected twigs; 
it tends to mask the older affected twigs, but may, 
before the end of the season. develop the leaf symp- 
toms described above for current shoots of first-year 
infections, 

Affected twigs bear fewer fruit buds. Mature fruit 
on these twigs is substandard in size and quality. The 
total effect on fruit production depends on the number 
of affected twigs. No diagnostic fruit symptoms have 
heen observed. but a grower reported lopsided peach 
fruit from affected Andora trees. 

Symptom expression varies with age of the infection, 
and appears to be influenced by cultural conditions, 
including pruning. fertilization, and irrigation prac- 
tices. No trees are known to have died as a direct re- 
sult of infection by stubby twig virus. Observations of 
infected peach and nectarine trees in commercial plant- 
ings indicate that its principal over-all effect is to 
depress normal twigs and 
Fruit production is reduced in proportion 
to the failure of fruit buds and blossoms. Damage to 
individual trees may vary considerably. Some infected 
trees observed over a 


vegetative growth of 


branches. 


I-year period have exhibited 
only mild symptoms of the disease. with little if any 
loss of fruit: other trees have shown severe damage, 
with significant reduction of salable fruit. Such reduc- 
tion has been noted by a number of commercial grow- 
ers who have had a relatively high incidence of this 
disease in peach and nectarine plantings. 

Symptom expression of stubby twig may be influ- 
enced by the presence of other viruses in the same tree. 
For example, l-year-old trees inoculated with both 
western \-disease and stubby twig produced symptoms 
of both diseases. They showed considerably more de- 
cline at 3 years of age than did comparable trees 
inoculated with either 
symptoms of stubby twig have been observed in some 


virus alone. Characteristic 


trees in which 1 of the following viruses was also 
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present: peach ring spot, peach necrotic leaf spot, line 
pattern, and peach blotch. 

Superficially, some of the symptoms produced by 
the stubby twig virus may resemble those produced by 
the western X virus and by yellow leaf roll virus (the 
latter presently considered a virulent strain of the 
former) (4). 

Pale-green to yellowish leaves may be associated 
with all 3 diseases; however, the development of 
necrotic spots from water-soaked areas that is sympto- 
matic of western X-disease and yellow leaf roll has 
not been observed in stubby twig. 

The yellowing of affected leaves in stubby twig can 
readily be distinguished from the yellowing found in 
yellow leaf roll: in stubby twig it begins at the leaf tip 
and extends progressively toward the base; in yellow 
leaf roll it develops more or less simultaneously and 
uniformly throughout the leaf. 

Vein swelling of affected leaves, a characteristic and 
consistent feature of both western X-disease and yel- 
low leaf roll, is much less prominent in stubby twig. 

Stubby twig may be distinguished readily from yel- 
low leaf roll by the location of symptomatic leaves on 
affected twigs of current season growth: in stubby 
twig the symptomatic leaves may have normal-appear- 
ing foliage above and below them; in yellow leaf roll 
the symptomatic leaves are never subtended by nor- 
mal-appearing foliage. 

Western-X-disease-affected twigs tend to lose their 
leaves prematurely; this is less common in yellow leaf 
roll, and has never been observed in stubby twig. 

At least 3 features in the symptomatology of stubby 
twig are not seen in either of the other 2 diseases: 1) 
brittleness of infected twigs: 2) red to reddish-brown, 
nitrogen-deficiency-like spots in some leaves; and 3) 
the diagnostic leaf-sectoring that occurs on certain 
leaves that develop in the spring on wood affected 2 
or more years (but sometimes only 1). 

Mopr or spreav.—-There is no conclusive evidence 
of natural spread in the orchards. Available evidence 
indicates that the virus has been distributed in nursery 
stock. Surveys have shown that the disease is frequent- 
ly confined to a particular varietal block planting, 
whereas adjacent blocks of other varieties are free of 
it. A rather high incidence has been found in the 
limited plantings of several recently introduced varie- 
ties, further evidence that stubby twig has been dis- 
seminated in nursery stock. Trees of several com- 
mercial plantings that showed a high incidence of the 
disease were found to have been propagated with bud- 
wood from old-orchard trees that had been topworked 
to a new variety. In 1 instance, the budwood source 
tree had several varieties grafted onto it. 

TRANSMISSION TESTS._-Most of the inoculations in 
the isolation plot were made between July and Octo- 
ber. The first recognizable symptoms usually appeared 
in the following growing season as early as June or 
July. Forty-one trees were inoculated with inoculum 
from 14 source trees. Positive transmission was ob- 
tained from 12 of these sources, affecting 33 trees in- 
volving 8 varieties (Table 1). 
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Tasie 1.—Peach and nectarine varieties known to exhibit 
symptoms of stubby twig 


Pea hes 


Alamar Fortuna Peak * 
Andora Gaume “ Peterson Elberta 
Anza Halehaven Redglobe 
Blazing Gold Halford #1 Red Haven 
Candoka (MeKnight) Redskin 
Carolyn * Halford #2 Rio Oso Gem 
Champion J. H. Hale Rubidoux 
Corona July Elberta * Shasta * 
Cortez Late Hale Sims 
Curry Meadow Lark Stuart (Gomes) 
Elberta * Merrill Gold Rush Vivian * 
Fay Elberta Merrill Hale Wiser 

Nectar 

Paradise 

Nectarines 

Early Le Grand John Rivers Quetta “ 
Freedom Le Grand Red Grand 
Gold King Liberty Sun Grand 


Merrill Sunrise 


Gold Mine 


"Varieties that have been artificially infected. 


The disease has not been recognized in growing 
nursery stock. However, 2-year-old-orchard trees fre- 
quently show the disease. On 1 occasion, spring leaf 
symptoms were noted on 2 June-budded trees of Para- 
dise variety during their first season after leaving the 
nursery. Budding trials have shown that bud-take is 
poor when severely affected shoots are used for bud- 
wood: although the bud shields make satisfactory 
union and remain alive. the buds frequently shatter 


before spring emergence. 
DisTRIBUTION AND HOST RANGE.—Since its discovery 
in 1952, about 1,103 cases of stubby twig have been 
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found on 139 properties in 15 counties of California. 
Symptoms have been observed in 48 varieties of 
peaches and nectarines (Table 1). Apparently all 
varieties of these 2 fruits are susceptible. Evidence of 
differences in varietal susceptibility is inconclusive. 
No definite symptoms have resulted to date from 
inoculations during the past 4 years on the following 
hosts: sweet cherry (Prunus avium L.) variety Na- 
poleon; apricot (Prunus armeniaca L.) variety Blen- 
heim; almond (Prunus amygdalus Batsch.) varieties 
Davey, Drake, IXL. Jordanolo. and Nonpareil; Pacific 
plum (Prunus subcordata Benth.); Japanese plum 
(Prunus salicina Lindl.) varieties Burmosa, Kelsey, 
Shiro, and Wickson; and Damson plum (Prunus in- 
sititia L.). 
Bureat or PLANT PatHoLocy 
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SOME CRITICAL FACTORS INVOLVED IN ESTABLISHMENT OF PUCCINIA 
GRAMINIS VAR. TRITICI ! 


E. L. Sharp, C. G. Schmitt, J. M. Staley, and C. H. Kingsolver 2 


SUMMARY 


The infection process (all stages of development 
from uredospore germination to establishment with- 
in the host) following inoculation of wheat leaves 
with Puccinia graminis var. tritici Eriks. & E. Henn. 
Guyot was divided into 2 distinct phases on the 
basis of influence of temperature and light. Both 
germination and appressorium development  pro- 
ceeded equally well in both extent and rate at all 
temperatures over the range 60-75°F and at all 
light intensities below 300 foot-candles. Post-ap- 


pressorium development was best at 85°F and at 
light intensities of over 500 f-c. Following appres- 
sorium formation, the minimum temperature for 
leaf penetration by the fungus was about 50°F 
when light intensities were over 500 f-c. Below 500 
f-c. the minimum temperature for leaf penetration 
was near 60°F. A formula based on dew duration, 
temperature, and light was devised for estimating 
infection in the field. 


Cardinal temperatures for infection of wheat by 
uredospores of P. graminis var. tritici Eriks. & E. 
Henn. Guyot have previously been reported as average 
or continuous temperatures during the dew incubation 
period (7, 8). Attempts to use such data to estimate 
the occurrence of infection in the field have been 
largely unsuccessful. For example. it has been ob- 
served that 2 nights might be similar in average tem- 
perature and dew period but one could result in good 
infection and the other in virtually no infection. In an 
attempt to clarify this situation, the different stages 
of the infection process (stages of fungus development 
from initiation of germination through establishment 
within the host) were studied separately in regard to 
the influence of temperature and light. 

MATERIALS AND METHODS.—/noculations.—Fresh hy- 
drated uredospores (spores exposed 24 hours to a 
moisture-saturated atmosphere in a closed container) 
of Race 56 or 17 were used for all tests (13). Pri- 
mary leaves of Baart wheat seedlings were inoculated 
in a settling tower (1). where known leaf areas were 
horizontally exposed to a uniform spore shower. Usu- 
ally 20 mg of spores were used for each inoculation. 
With these conditions. about 1000 spores were de- 
posited on the exposed area of each leaf. Following 
inoculation, the plants were placed in dew chambers at 
various temperatures held within + 2°F. After dew 
exposures the plants were placed in a greenhouse 
cubicle at 75°F and 40 per cent R.H. (relative hu- 
midity ). 

Germination and appressorium counts.—Representa- 
tive leaves were removed from dew at 2-hour intervals, 
ever a 10-hour period, and observed for spore germina- 
tion and appressorium formation. Three leaves were 
examined for each treatment. and 100 spores were 
counted on each leaf. Spores, germ tubes. and appres- 
soria were removed from the surface of the leaves by 


1 Accepted for publication April 12, 1958. 
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a collodion-strip technique (3), and strips were stained 
with acid fuchsin and aniline blue to facilitate exami- 
nation. Any spore that had a germ tube as long as its 
smallest diameter or longer was considered germi- 
nated. Three replications were made, with 900 spores 
observed for each condition. 

Substomatal vesicle counts.—The lower leaf surfaces 
of plants were inoculated in the settling tower with 80 
mg of spores rather than with the usual 20-mg quantity 
to assure appressorium formation over many of the 
stomata. After various dew exposures, the lower 
epidermis of each of these leaves was examined for 
substomatal vesicles. Since Caldwell and Stone had 
shown epidermal stripping to be feasible for demon- 
strating vesicles of Puccinia rubigo-vera var. tritici 
(Eriks.) Carleton (2), this method was used. The 
epidermal mounts were prepared by cutting through 
the upper epidermis and mesophyll with a razor blade, 
followed by peeling the desired area of the lower 
epidermis from the other tissue. The epidermal strips 
were then placed, exterior side down, on a slide con- 
taining Maneval’s (10) 2c mixture (lactophenol plus 
cotton blue and acid fuchsin). Usually, 3 epidermal 
strips were examined under oil immersion for each 
treatment. One hundred appressoria were examined 
on each strip for penetration pegs and substomatal 
vesicles. 

Infection ratings._Infection obtained with the vari- 
ous treatments was recorded as pustule numbers. 
Pustules were counted about 10 days after inoculation. 
For each treatment a total of 100 leaves, on plants con- 
tained in 10 pots, were observed for pustules. Three 
tests usually were made for each experiment. 

For field infection data, the plants were inoculated 
in the se. ling tower and then placed outdoors at about 
4:00 p.m.; they were returned to a greenhouse cubicle 
(75°F and 40 per cent R.H.) the following day at the 
time when dew was no longer visible on the leaf sur- 
faces. Outside, the pots were placed in slit trenches 
and so arranged that the soil level in the pots was at 
ground level. Hygrothermograph records of tempera- 
ture and relative humidity were obtained each night, 
and dew deposition was recorded on a Taylor dew 


meter (15). 
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The effect of light 


on uredospore germination was investigated both with 


Light control and measurement. 


1 per cent water agar and with host leaves used as sub 
strates. When agar was used, the plates were placed at 
various light shading 
cheesecloth in an air-conditioned greenhouse at 


with 
70°F. 
For highest light intensities it was necessary to place 
the plates on covered “Sno-gel™ packs to maintain 


intensities obtained by 


optimum temperatures for germination on the water 
surface film of the agar. Temperatures on the surtace 
were continuously by 36- 


film of the agar recorded 


gauge copper-constantan thermocouples attached to a 


Brown potentiometer. Temperatures for these tests 
were in the range 60-70°F. When host leaves were 
used as a substrate, a fine water mist was atomized 


on the plants and temperatures were recorded by 


means of thermocouples placed on and directly under 
the epidermis. Temperatures were similar to those 
recorded on the surface of agar. 

To determine the effect of light on leaf penetration 
by the fungus and on subsequent pustule formation, 
plants were placed in greenhouse cubicles after a pe- 


riod of incubation in dew chambers at temperatures 
that 


minimum 


allowed maximum appressorium formation with 


Dew 


fogging of the 


penetration. was maintained on the 


leaves by intermittent cubicle. Some 
sets were partially covered with black cloth to give 
and still 
Light in- 


varied 


light intensities on the plants of about 10 f- 
leaves. 
light 


dew on the 


a Weston 


allow maintenance ol 


tensity. measured with meter. 
little during any | test. 
EXPERIMENTAI RESULTS. 


dark, uredospores germinated equally well in both rate 


Germination.—In the 


and extent over a wide temperature range (Fig. 1A) 
a 2-hour dew period was al- 


Although 60°F 


was the lowest temperature investigated in this phase. 


At optimal temperatures. 
most as effective as were longer periods. 
temperature for germination 
14). 


and 


it is not the minimum 
shown by other workers (9, 


Stock (14) Weston Dillon 


that light inhibited germination of uredospores of P. 


and (16) reported 


graminis var. tritici, but they did not state the light in- 
tensities investigated. In the present work, uredospores 
of P. graminis germinated equally well when exposed 
to light intensities of 0 to about 300 t-« (Fig. 1B). Ger- 


made after 2 


mination counts were hours, since this 
short-period germination has given the best correlation 
infection (12). When light 
creased bevond 300 f-c. germination 
creased until. at 1000 f-c. no germination was observe d. 


higher 


with intensities were In- 


percentage de- 


ht intensities 
than did 


Spores that did germinate at lig 
than 300 had much shorter 
those that germinated at lower light intensities. 


germ tubes 


{ppressorium formation. Appressoria formed equal- 
lv well in both rate and extent in the temperature range 
60-80°F (Fig. 1C). 
after a 2-hour dew period. and about 50 per cent of the 


\ppressoria were first observed 


germinated spores formed appressoria atter an s-hour 


dew period. Uredospores that germinated at 85°F had 
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1.-Percentage of appressoria that formed substo- 
matal vesicles when plants inoculated with Puccinia 
graminis var, tritici were incubated 16 hours at 60°F 
in the dark and then held under intermittent fog- 
ging, either in the light or dark, for 3 hours at vari- 
ous temperatures 


Dew conditions under fogging 


Light (3)" Percentage of appressoria 


Temperature 


(°F) or dark(D) that formed vesicles 
60 D 0 
65 D 
70 D 
75 D 5 
80 1) 7 
85 D 17 
90 D 2 
60 
85 D 19 
85 L. 42 


Light in excess of 500 t-e. 
Each of last 3 figures based on 300 appressoria: others 
hased on 100 appressoria. 


short germ tubes, and comparatively few of these 
formed appressoria. 

Substomatal vesicle formation._-Poor relation be- 
tween the numbers of appressoria formed and pustules 
developed has often been observed in this laboratory. 
It seemed likely that vesicle numbers and pustule num- 
hers would be more closely related. 

Inoculated plants were incubated 16 hours at 60°F 
to allow maximum development of appressoria and 
minimum penetration; they were then transferred to 
various temperatures to determine the optimum tem- 
perature for penetration (Table 1). A temperature of 
85°F was best for fungus entry of the host leaves. Ba-ed 
on a number of tests, the minimum and maximum tem- 
peratures for penetration were near 60 and 95 F. re- 
spectively. 

At the optimum temperature of 85°F, light had a 
very pronounced effect on penetration (Table 1 

Although a temperature of 85°F with light always 
resulted in a greater number of vesicles than any other 
combination of temperature and light, there was con- 
siderable variation from time to time in the percentage 
of appressoria giving rise to vesicles. There were in- 
dications that this variation was due to variable light 
intensity prior to inoculation, Other authors have noted 
decreased infection obtained with cereal rust fungi 
when plants were grown under low light intensity prior 
to inoculation (5). It has also been reported that de- 
creased infection due to shading was directly related 
to carbohydrate content of the leaves (11). In the pres- 
ent work, epidermal strips of leaves exposed to full 
sunlight and of others exposed to about 300 f-c prior to 
inoculation were examined for vesicles after the leaves 
were exposed to dew conditions believed optimum for 
infection. About 10 times as many vesicles were formed 
on those exposed to full sunlight before inoculation as 
on those that were shaded. Light. prior to inoculation, 
has often appeared to be a limiting factor in penetra- 
tion and subsequent pustule formation. particularly dur- 
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PERCENT GERMINATION 


PERCENT GERMINATION 


GERMINATED SPORES FORMING APPRESSORIA 
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A 60° F 
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LIGHT INTENSITY - FOOT CANDLES 


i 


HOURS DEW 


ing the winter. Ithis work, low light prior to inocula- 
tion resulted in a low incidence of infection because of 
the small number of substomatal vesicles formed rather 
than because of a limiting of the chances for further 
establishment of vesicles that had formed. Four tests 
were made in which the numbers were compared of ap- 
pressoria, substomatal vesicles, and pustules formed on 
plants incubated 16 hours in dew at 75°F. Of the more 
than 1000 appressoria counted, 5.5 per cent gave rise 
to substomatal vesicles. and about 67 per cent as many 
pustules were formed as vesicles. The number of vesi- 
cles formed was a much better index of the number of 
pustules that developed than was the number of appres- 
soria. More vesicles were formed on some varieties, 
such as Khapli and Einkorn, than on Baart under 
identical dew conditions. 

Infection at continuous temperatures.—A continuous 
temperature of 75°F was best for infection when a 10 
hour dew period was used (Fig. 2A). The cardinal- 
temperature results were similar to those obtained by 
Lange and Kingsolver (8) for a 20-hour dew period. A 
minimum dew period of 4-5 hours was required to 
obtain infection, and the amount of infection increased 
with increase in dew duration—at least up through the 
10-hour period tested. It was interesting to note that 
neither germination nor appressorium formation dif- 
fered at 60° and 75°F. but 60° allowed only a very 
small amount of penetration and subsequent pustule 
formation. 

Infection at cycled temperatures.—To determine the 
cardinal temperatures for leaf penetration and subse- 
quent pustule development independent of the earlier 
stages of the infection process, inoculated plants were 
incubated 9 hours in dew chambers at 60°F, and then 
transferred to dew chambers for 1 hour at various tem- 
peratures between 60° and 95°F (Fig. 2B). Incubation 
for 9 hours at 60°F allowed maximum germination and 
appressorium formation with minimum of leaf penetra- 
tion. A temperature of 85°F was best for post-appres- 
sorium development. and a dew condition of 9 hours at 
60°F followed by 1 hour at 85°F resulted in about 8 
times as many pustules as did a dew condition of 10 
hours at 60°F. This difference was obtained when 
plants were held under optimum light conditions prior 
to inoculation. The minimum and maximum tempera- 
tures for the post-appressorial phase of development 
were 60° and 95°F. respectively. 

Several tests were conducted to determine the effect 
on infection of light near the end of the dew period 
inasmuch as Hart and Forbes had reported more infee- 
tion with P. graminis tritici on plants in light following 


— 


Fig. 1. Effects of temperature, light, and duration of dew 
on the early phase of the infection process of uredospores 
of Puccinia graminis var, tritici: (A) Effect of temperature 
and dew duration on germination; (B) Effect of light in- 
tensity on germination during a 2 hour incubation period; 
(C) Effeet of temperature and dew duration on appres- 


sorium formation. 
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a dark incubation period than on plants continuously 
in dark (6). Inoculated plants were incubated 16 hours 
at 60°F and then transferred to 80°F, either in dark or 
light. for an additional 2 Previous to 
these tests, experiments showed that maximum forma- 


tion of appressoria occurred after 8 hours at 60°F but 


hours of dew. 


that maximum development of appressoria required 11 
hours. Dew periods of 11-24 hours at 60°F, each fol- 
lowed by 2 hours at 80°F. resulted in similar numbers 
of pustules. 

In 5 tests, maximum amounts of infection were ob- 
tained on plants inoculated on the adaxial leaf surface 
and exposed to light (500+ f-c) during the last 2 hours 
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9 HRS. AT 60°F. 1 HR. AT ABOVE TEMPERATURE 
Fig. 2. Effects of temperature and dew duration on the 
process of infection of Baart wheat leaves by uredospores 
of Puccinia graminis var. tritici. (A) Effect of tempera- 


ture and dew duration on infection; (B) Effect of tempera- 
ture on the post-appressorium phase. 
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of the dew period. If this same leaf surface was inocu- 
lated but plants were held in dark throughout the dew 
period, only 59 per cent as many infections resulted. 
Inoculations of the abaxial leaf surface exposed to light 
during the last 2 hours of the dew period resulted in 77 
per cent of maximum, and inoculations of this same 
leaf surface held in continuous dark resulted in only 
11 per cent relative infection success. In general, a 
light intensity of 500 f-c appeared to be just as effective 
as one of 5000 in stimulating penetration and subse- 
quent pustule development. Light during the latter 
part of the dew period functioned to increase infection 
regardless of which leaf surface was inoculated, but 
proportionately greater increases were obtained on 
plants inoculated on the lower leaf surface. Light in- 
tensities below 500 f-c did not increase infection over 
that on plants similarly incubated in dark. 

In other tests, best infection for a 10-hour dew period 
was obtained by incubating plants 7 hours in dark at 
75°F followed by 3 hours in light (over 500 f-c) at 85°F, 

Prediction of field infection.—-As stated previously, 
attempts to predict field infection on the basis of aver- 
age temperature were largely unsuccessful. Evaluation 
of the effect on infection of rising temperature near the 
end of the dew period gave better, but still inadequate, 
results. 

Limited studies in the greenhouse indicated that leaf 
penetration by the fungus occurred at 50°F with light 
in excess of 500 f-c as compared to a minimum near 
60°F in dark. Numerous field experiments confirmed 
50°F to be minimum for penetration in light. Both 
heat and light were shown to stimulate penetration and 
subsequent pustule formation. On the basis of these 
effects and of dew duration, an empirical formula was 
devised for estimation of field infection, 

Infection units for several infection nights were cal- 
culated by the following formula: 

Infections units (T—50) x DXC 
where T is the temperature in °F, D is the hours of dew 
in light of at least 500 f-c. and C is a correction factor, 

All items of the formula. except the correction factor, 
pertain to the penetration phase (phase 2), i.e. the 
phase following germination and appressorium forma- 
tion. The correction factor relates the effect of dew 
duration during germination and appressorium forma- 
tion (phase 1) on infection. Development of phase 1 
occurred equally well at temperatures of 50-75°F, and 
was not greatly retarded when temperature dropped as 
low as 32°F if the temperature was 50°F or higher for 
a few hours at the beginning of the dew period. Cor- 
rection factors, determined by controlled greenhouse 
experiments. for different dew periods are presented in 
Table 2. 

For example, calculations for an infection night hav- 
ing a dark dew period of 8 hours at 55°F followed by 2 
additional hours of dew with light and temperature at 
60°F (calculated on an hourly basis) would give a 
value of 12 infection units [ (60-50) « 2 X 0.6]. 

Use of the formula resulted in close approximations 
of actual infection when dew was uniform and no rain 
was encountered. When plants were inoculated in the 
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Taste 2.-Correction factors tor infection unit formula 


Dew period in hours—phase 1 Correction factor 


3 0 
4 0.05 
5 0.1 
6 0.2 
7 0.4 
8 0.6 
9 0.7 
10 0.8 
11-24 1.0 


Germination and appressorium formation only, in the 
dark at 50-60°F. 


settling tower by standard techniques, placed outside 
overnight, and returned the following morning to a 
greenhouse cubicle at 75°F and 40 per cent R.H., each 
infection unit was equivalent to about | pustule per leaf 
(Table 3). In other tests, when plants were inoculated 
in the field, each infection unit was equivalent to as 
many as 3 pustules per culm, depending on the stage 
of plants at inoculation and amount of inoculum dis- 
tributed per unit area. If temperature exceeded 60°F 
during phase 1. an additional amount of infection oc- 
curred, depending on the actual temperature profile 
and duration of the dew period. 

Discussion..-The infection process, as elucidated in 
these studies. might be appropriately divided into 2 
general categories: prepenetration (phase 1) and pene- 
tration (phase 2). Prepenetration would include ger- 
mination and appressorium formation, whereas pene- 
tration would include formation of penetration pegs 
and of substomatal vesicles. In this work, a large per- 
centage of the vesicles developed further, forming 
pustules. The post-penetration environment was held 
constant and was, therefore, not a factor in resulting 
infection. Further experiments are being conducted to 
determine the effect on infection of temperature, light. 
and vapor-pressure deficit during the post-penetration 
phase. 

This work emphasized the inadequacy of using infee- 
tion results obtained at average temperatures to esti- 
mate the occurrence of field infection. For example. 
light and temperature conditions that are optimum for 
phase 2 would be completely inhibitory to phase 1, 
whereas conditions optimum for phase | could be either 
partially or completely inhibitory to phase 2. 

Good infection can be obtained by use of artificial 
conditions of constant, continuous temperature, but the 
results are often meaningless in terms of what occurs 
under natural conditions. In nature, during the rust 
season, temperature is often quite low during a large 
portion of the dew period, and this is followed by high- 
er temperature after the sun rises. The results of this 
investigation indicate adaptation of P. graminis var. 
tritict to such an environment. 

For prediction of field infection, it was necessary to 
consider temperature. light. and duration of dew period 
for phase 1 and phase 2 separately, because of the dif- 
ferential effects that depend on the stage of fungus de- 
velopment. Other factors that could contribute varia- 
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tion in prediction of infection are viability of spores, 
amount of spores applied per unit area of plant tissue, 
and susceptibility to infection of the host at various 
growth stages. Variation from these factors was mini- 
mized by using fresh hydrated spores and by inocula- 
tion of plants of similar age by a standard technique. 
Light prior to inoculation was sufficient in quantity, 
and therefore not an additional variable. 

The quantitative effect of intermittent dew and rain 
on the infection process is not completely understood, 
but such conditions usually resulted in less infection 
than expected. In cases where a light trace of dew was 
found on the Taylor dew meter, there was some ques- 
tion as to how this compared with actual dew formed 
on the leaves. Use of the formula, however, gave close 
approximation of actual infection when dew deposition 
was medium to heavy and uniform. 

The question arises as to whether temperature and 
light increased leaf penetration through an effect on 
the host or on the fungus. Emge has shown that appres- 
soria, substomatal vesicles, and infection hyphae will 
form on artificial membranes when exposed to tempera- 
ture and light conditions similar to those required for 
leaf penetration by the fungus (4). In the present 
studies. structures corresponding to appressoria, sab- 
stomatal vesicles, and infection hyphae often were ob- 
served on the leaf surface when plants were incubated 
in dew chambers for short periods at 60°F and then 
transferred to dew chambers at 85°. This behavior in- 
dicates that temperature and light exert an effect on the 
fungus. There must also be a host interaction involved. 
however, since plants that were shaded prior to inocula- 
tion did not show the expected amount of leaf penetra- 
tion when exposed to optimum temperature and light 
conditions. Also, different numbers of substomatal vesi- 
cles formed on different varieties identically treated. 

Determination of the 2 distinct phases. based on re- 
sponse to environmental conditions, of the infection 
process of P. graminis var. tritici has resulted in a 


Taste 3.-Predicted and actual infection by Puccinia 
graminis var. tritici under simulated field conditions 


No. of pustules per leaf 
Predicted 


Dew conditions * (infection units) 


T D C Method 1" Method 2 ' Actual * 

55 2.0 0.2 l 2 2 

56 1.5 07 0 6 4 

55 2.5 0.7 2 12 9 

68 3.0 0.4 14 21 18 

4 2.5 0.7 4 24 21 

7 2.0 0.8 26 39 55 

6 1.5 1.0 3 71 91 
*T = average temperature in °F during penetration 

phase; D = hours of dew in light of at least 500 f-c. (nene- 


tration phase); and C correction factor as determ'ned 
by conditions during germination and appressorium forma- 
tion (Table 2). 


* Predicted on basis of average temperature and d= ‘ura- 
tion and from direct determination made in dew chamber. 
* Predicted from the formula (T — 50) & D & C. 


* Averages for 50 leaves in each test. 
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much better understanding of initial establishment of 
infection by this pathogen. It seems likely that other 
plant disease organisms have a similar 2-phase infection 
process, 
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ANISOMYCIN 


ON ERYSIPHE GRAMINIS F. SP. TRITICT! 


H. R. Powers. Jr“ 


st MiMARY 


solution at 
grami- 


Anisomycin, applied in an 
300 ppm, was found to eradicate Erysiphe 
nis 
after inoculation. 
sections from plants sprayed with the antibiotic re- 
vealed that hyphae of the 


aqueous 


sp. ¢tritict on wheat leaves as late as 7 days 
Microscopic examination of leaf 


pathogen were nec rotic 


within 2 hours after spraying. Plants with roots im- 
mersed in solutions of 50 and 100 ppm of anisomy- 
cin were not protected against subsequent inocula- 
tion with the mildew organism. The data indicate 
that anisomycin was effective primarily by direct 
contact. 


Erysiphe graminis DC. f. sp. tritici Em. Marchal, the 
mildew of wheat, is 


Only the haustoria lie 


organism that incites powdery 
almost completely ectoparasitic. 
within host tissue, and these are restricted to the epi- 
cells. As a habit of 
growth, the pathogen is vulnerable to the toxie action 
Most fungi- 


cides, however, act primarily as protectants rather than 


dermal result of this external 


of many chemical compounds (3. 10), 
eradicants. An eradicant fungicide that is systemic in 
action is particularly desirable for the control of cereal 
These crops have a relatively low 


diseases. per-acre 


value, and repeated applications of even inexpensive 


1 Accepted for publication \pril 21, 1958. 
Anisomycin used in these experiments was supplied by 
Charles Pfizer & Company. Inc.. New York. 


Division, Agricul- 
Agriculture. 


Re seart h 
Department of 


“Plant Pathologist, Crops 


tural Research Service. U.S 


Certain anti- 
biotics reported as promising for eradication of vari- 
ous pathogens are also systemic (1. 4, 5, 6, 7). Aniso- 
mycin, an antibiotic isolated from 2 species of Strepto- 
myces. has been reported to control Erysiphe polygoni 
(11). and preliminary tests (8) have indicated that 
this material is effective against FE. graminis. The pres- 
ent paper reports the results of investigations regard- 


materials are not economically feasible. 


ing the mode of action of this antibiotic. 


MATERIALS AND METHODS.-Wheat seedlings of a 
susceptible variety, Little Club (C.1. 4066),° were 
inoculated by dusting with mildew-infected plants. 


The inoculated seedlings were placed in moist cham- 


“CL” refers to accession number of Cereal Crops Re- 
search Branch, Crops Research Division. 
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Fic. 1. Wheat plants inoculated simultaneously with Erysiphe graminis f. sp. tritici. Plant 1 is the untreated check. 
Plants 2, 3. and 4 were sprayed with anisomycin 24, 48, and 72 hours, respectively, after inoculation. Photographed 10 


day after inoculation, 


bers at about 68°F. The plants were illuminated by 
white fluorescent light that passed through the glass 
top of the moist chamber to give an intensity of 580 
ft-c. Three pots of seedlings were removed from the 
chamber after 24 hours. Two were thoroughly sprayed 
with an aqueous solution of anisomycin at 300 ppm, 
and the third. as a check, was sprayed with distilled 
water. The concentration of 300 ppm was chosen 
after preliminary tests had indicated that higher rates 
were phytotoxic and lower rates were ineffective 
against the mildew organism. These plants were then 
placed in separate chambers. Three pots were simi- 
larly treated on each of 6 successive days. Leaf sec- 
tions were taken from all treated and check plants 2, 
1, 8, 24, 48. and 72 hours after spraying. The leaf 
sections were killed and fixed in FAA, embedded in 
paraffin, and stained with safranin and fast green. Sec- 
tioning was done on a rotary microtome at 14 yp. 

Absorption and translocation of 2 antibiotics were 
also studied. Anisomycin was compared with griseo- 
fulvin-I.4 which has been shown by Brian (2) to be 
taken up by roots and translocated to the leaves. Both 
antibiotics were used in aqueous concentrations of 50, 
100, 200, 250. and 500 ppm. Little Club wheat seed- 
lings were removed from pots and their roots carefully 
washed free of soil. The roots were then immersed in 
flasks containing the 5 concentrations of the 2 anti- 
hioties. Check plants were placed in flasks containing 
distilled water. After 24 hours in the solutions the 
plants were inoculated by the method specified above. 
All plants were held in their respective flasks for the 
duration of the test. Readings were taken 10 days 
after inoculation. 


* Griseofulvin-T used in these experiments was supplied 
by Pennsalt Chemicals Corporation 


Resutts.—Anisomycin as a spray was very effective 
in eradicating the mildew organism even as late as 7 
days after inoculation, when the fungus was well de- 
veloped. Fig. 1 illustrates the results obtained by 
spraying 24, 48, and 72 hours after inoculation. The 
mildew pustules on the check plant (No. 1) were 
well developed by this time, whereas no evidence of 
infection was observed on the 3 treated plants (No. 2, 
3, 4). All plants were held in isolation for 3 weeks 
after treatment. This period was adequate for the in- 
fection to redevelop if eradication was not complete. 
In no case, however, did any sign of infection appear 
on the treated plants. 

The nature of the fungitoxic effect of the anisomycin 
was revealed by examination of the paraffin sections. 
In the untreated material the mycelium was turgid, 
and evenly stained with fast green. Haustoria were 
well developed, and several were usually present in 
each epidermal cell. The nuclei of the pathogen were 
made visible by counter-staining with safranin. Fig. 
2A illustrates a vigorous, rapidly growing mildew 
colony as seen in leaf sections from check plants. 
Sections of material from plants sprayed with aniso- 
mycin revealed that the mycelium was shrunken and 
plasmolyzed (Fig. 2B). The cellular contents were 
stained deeply with safranin, and coagulated into dis- 
organized clumps. The nuclei were indistinguishable 
from other masses of safranin-stained material seen in 
the hyphal cells. The haustoria, however, in both the 
treated and untreated material, were remarkably simi- 
lar. Haustoria lying directly under hyphae injured by 
the antibiotic were visually identical to haustoria in 
the sections from the untreated check plants. 

No differences were observed among sections of ma- 
terial taken at the different intervals after treatment 
with anisomycin. The toxic effect on the mycelium was 
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Fic. 2. Wheat leaf sections | 
treated plant, showing normal 
graminis {, sp. tritici 3 days after 
round object obscuring a portion of the digitate haustorium 
is the host cell nucleus, B) From plant sprayed with 
anisomycin 4 days after inoculation. Necrotic mycelium is 
seen in area above stomate. 


The 


toxic effect on the pathogen also was similar when the 


as noticeable within 2 hours as after 72 hours. 


plants were sprayed on successive days after inocula- 
tion. Since the mildew colonies were much larger 7 
days after infection than after 1 day, there were many 
more strands of plasmolyzed mycelium visible in the 
case of older, treated colonies. 

It was found that there was a difference in the ab- 
sorption and translocation of anisomycin and griseo- 
fulvin-I, particularly when concentrations of 50 and 
100 ppm were used (Table 1). This difference was re- 
vealed by the fact that plants with roots immersed in 
solutions protected against 


the griseofulvin-l were 


anisomycin were heavily 


This confirmed the 


mildew. whereas those in 
attacked by the mildew organism. 


absorption and translocation of griseofulvin-] to the 


upper parts of the plants. as reported by Brian (2). 
Neither of the 2 
and 100 ppm had any 
treated with griseofulvin-] were a darker green than 


antibiotics at concentrations of 50 


phytotoxic effects, but plants 
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check plants. All greater concentrations of both anti- 
biotics were phytotoxic. 

Discussion.—The rapidity with which anisomycin 
destroyed the mycelium of E. graminis indicated the 
sensitivity of the organism to this antibiotic. The 
hyphae were seen to be necrotic in sections taken 2 
hours after spraying. In all probability this toxie 
effect had taken place within a much shorter period of 
time; however, no sections were taken earlier, which 
might have demonstrated this point. Large lesions 
were eradicated as effectively as lesions that were bare- 
ly visible macroscopically, although the older lesions 
were more difficult to wet since the thickly matted 
hyphae were extremely water-repellent. Eradication in 
all cases was complete, for mildew did not redevelop, 
as would be expected if some hyphae remained unin- 
jured by the spray. 

The haustoria did not 
biotic. In epidermal cells lying directly under masses 
of necrotic and disorganized hyphae, the haustoria ap- 


seem affected by the anti- 


peared identical to the haustoria of vigorous, rapidly 
developing colonies. One possible explanation may be 
that the haustoria were more resistant to the anisomy- 
cin than were hyphae. However. in view of the anti- 
biotic’s extremely toxic effect on the hyphae. this would 
not seem very likely. Another possibility is that the 
antibiotic was not systemic at this concentration, and 
thus the haustoria were not exposed to the toxic ma- 
terial. Also. the rapid toxic action on the external 
mycelium might have caused plasmolysis so quickly 
that no downward translocation to the haustoria was 
possible. 

Since the haustoria were not visibly affected by the 
anisomycin spray. the fungus apparently was not com- 
pletely eradicated. Further development of the patho- 
ven was prevented, however, even though some parts of 
the organism apparently remained alive in the host 
tissue. The fact that the haustoria, although apparent- 
ly unharmed, able to infection. 
would tend to support the conclusion of earlier workers 


were not regenerate 
(9) that these organs have no function other than to 


obtain nutrients from the host tissue. Sections were 
not taken later than 72 hours after antibiotic treatment. 
so it is not known how long the haustoria persist within 
the epidermal cells after the hyphae are necrotic. 
Data from the absorption and translocation test pre- 


sented in Table 1 indicate that anisomycin was not 


Tasie 1.-Phytotoxic effects and prevention of wheat mil- 
dew by anisomycin griseofulvin-l absorbed 
through roots 

Concentration Anisomyein  Griseofulvin-[ Distilled 

500 0 } 0 
250 3 ] 0 
200 3 2 0 
100 0 0 0 0 

50 0 } 0 0 0 } 


from none to extreme. 
from none te 


‘Phytotoxicity, on a scale of 0-4, 
Mildew development, on a seale of 0-4, 
heavy. 
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systemic at concentrations of 50 or 100 ppm. These 
data also confirm the fact that griseofulvin-1 was ab- 
sorbed by the roots and translocated upward to the 
leaves. The concentrations of 50 and 100 ppm of 
griseofulvin-I gave excellent control of mildew, and 
plant growth was quite good at these levels. Both 
antibiotics were very phytotoxic at concentrations 
above 100 ppm. It is not likely that either antibiotic 
was absorbed to any extent at 200, 250, or 500 ppm. 
At these concentrations, root hairs failed to develop 
and the amount of liquid in the flasks remained con- 
stant. With both the check plants and the plants that 
received antibiotics at 50 and 100 ppm. root hair devel- 
opment was profuse and the levels of the liquids low- 
ered appreciably during the tests. Thus it is quite pos- 
sible that other physiological factors, as opposed to any 
strict systemic effect of either antibiotic, were opera- 
tive at the higher concentrations. 

Although the data indicate that anisomycin was a 
very effective spray in eradicating EF. graminis, a com- 
mercially practical means of control was not indicated: 
the thorough coverage apparently required for eradica- 
tion is possible in the greenhouse but might be difficult 
to achieve under field conditions. 
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PATHOGENIC SPECIALIZATION IN RHYNCHOSPORIUM SECALIS ! 


Richard D. Schein * 


SUMMARY 


When race-differentiating barleys used in Argen- 
tina were inoculated with isolates of Rhyncho- 
sportum secalis from different areas of the United 
States, most isolates attacked all varieties. A new 
group of 6 differential barley varieties was devised, 
and, through its use, 7 distinct pathogenic races 
from the United States were differentiated. Using 
these data. a key to races was constructed. These 


7 races, from Pennsylvania, North Carolina, Ten- 
nessee. California, and Michigan, indicate the 
pathogenic variability existent in this pathogen. In 
host range studies, an isolate from barley attacked 
barley and 7 species in the genera Agropyron, 
Bromus, and Festuca, supporting a similar report 
from Argentina and contradicting the currently 
held opinion in the United States. 


The barley scald disease. incited by Rhynchosporium 
secalis (Oud.) J. J. Davis. has been the subject of 
several investigations in the United States. No racial 
specialization of isolates from barley was recognized 
until 1955, although it has been known since 1947 
that such races exist in Argentina. The existence or 
absence of races must, of course, be known before a 
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thorough breeding program can be realized. A study 
was therefore conducted to gain such information, 
which is basic to the scald-disease resistance-breeding 
program in Pennsylvania. Furthermore, there have 
been paradoxical conclusions about pathogenic spe- 
cialization of this organism, particularly as to whether 
a specific isolate can attack members of genera other 
than its source host genus. 

Caldwell (2) outlined the history of nomenclature 
and the results of early specialization studies—-from 
the first report of the organism, as Marsonia secalis in 
1897, until 1937. He himself emended the description 
to include the characteristic features of fructification. 
It is evident from this review that European workers 
could find no indications of pathogenic specialization, 
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i.e.. isolates from any of such hosts as barley ( Hor- 
deum vulgare 1..). rye (Secale cereale L.), or several 


non-cereal grasses could attack all of these plants. 
Caldwell’s own research showed a very different situa- 


tion. In cross-inoculation studies. he used 20 isolates 


from Wisconsin, 
He reported that isolates from barley parasitized bar- 


3 from Oregon. and | from Germany. 
those from foxtail bar- 
lev (Hordeum jubatum L.) attacked H. jubatum, H. 
nodosum L. (possibly H. Nevski), 
and H. pusillum Nutt.; those from quackgrass (4gro- 
Beauv.) attacked A. repens and 
Malte. 


brome 


ley and Hordeum murinum | 


hrachyantherum 


repens (| 
( Lk.) 


smooth 


pyron 


{. trachycaulum (synonym: A. tenerum 


Vasey): those from (Bromus inermtis 
attacked B. inermis, B. Labill.. B. 
lanuginosis Poir. (probably B. Desf.). 
B. madritensis L., and B. villosus (probably B. rigidus 
Roth): those from Canada wild-rye (Elymus canaden- 
sis L.) attacked E. canadensis, E. and E. 


striatus (probably E. villosus Muhl.), as well as Agro- 


Levss.) arenarius 


macrostachys 


virginicus L.., 


pyren trachycaulum. Through overinterpretation of 
this work, there is a widespread belief in the United 
States that barley is safe from attack by the Rhyncho- 
sporium races of Caldwell that commonly occur on 
non-cereal grasses 

Caldwell found no evidence that isolates of Rhyncho- 
sporium from barley were specialized in their ability 
In 1947, 2 Argen- 


Sarasola and Campi (6), reported 2 


to attack different varieties of barley 
tinian workers. 
things of significance to the present study. They found 
that 
} species of grasses in 4 genera—-Elymus canadensis, 
Rydb.. Festuca elatior L. 
H.B.K. (probably B. 


In addition. they reported that various isolates 


solates of Rhynchosporium from barley attacked 


fgropyron smithii and 
Bromus 
Vahl 


obtained from barley were specialized in their ability 


unioloides catharticus 


to attack varieties of barley. On the basis of the reac- 
tion of 3. differential 
races of the pathogen. 

\t present. the literature contains 2 different kinds 


Those of ( ‘ald 


varieties, they characterized 4 


of races of the seald disease organism. 


well are based on their ability to attack members of 
different genera of plants. Those of Sarasola and 
Campi are based on the ability to attack different 
varieties of the same host species. 


In addition to the above papers. there is one other 


hody of reports that bear on the present investigation 


Sprague (9) has reported on grasses naturally in- 
fected by Rhynchosperium secalis. His list contains at 
least 26 species in 10 genera ot the Gramineae. Final- 
lv. it should be noted that some evidence of pathogeni« 
specialization was reported earlier by the author (7). 
by Heuston and Ashworth (4). 


5 races or biotypes in California since 1953, and by 


who have found at least 


Reed 
\IATERIALS AND METHODS..-A number of isolates of 
Rhynchosporium secalis were used in this study. The 


Pennsvlvania isolate was obtained by the author. In 


addition. 2 isolates were received from California, 
from B. R. Houston and L. J. Ashworth, Jr.: 1 from 
Tennessee. from H. E. Reed: 1 from North Carolina, 
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2 from Michigan, from R. Kiesling; 
An isolate 


C. Wells: 
and 2 from South Dakota, from J. Hennen. 
from Hordeum vulgare was purchased from the Cen- 
traalbureau voor Schimmelcultures, Baarn. The Neth- 
erlands. Except for the California and North Carolina 


from J. 


isolates, diseased leaves were supplied by the coopera. 
tors. and the author made the isolations. through use 
All cultures 
were maintained as mass transfers on slants of Lima 


of a previously published technique (8). 


bean agar (Difco), a medium on which this fungus 
sporulates abundantly. 

Barleys and non-cereal grasses used in these studies 
were grown in soil in pots or flats. In inoculation ex. 
periments, 3-10 plants of each variety of barley and 
50-100 plants of the grasses were used. In some cases, 
only small amounts of barley seed could be obtained, 
and_ field 
with precautions taken to ensure self-pollination and 
purity. The nomenclature follows that used by Hitch- 
cock and Chase (3).° 

Ineculations were made when barleys reached the 
3-leat 14-16 days after planting; non-cereal 
grasses were usually 3 weeks old. Inoculum was grown 


and these were increased in greenhouse 


stage. 


during the same period (plantings and transfers were 
usually made the same day). Cultures trans- 
ferred by a smear technique that resulted in the pro- 
duction of many small slant. Conidia 
were harvested by adding about 5 ml of distilled water 
and rubbing the colonies off with a sterile transfer 


were 


colonies per 


needle. The colonies were broken up with a_ sterile 
rubber policeman. and the resulting suspension of 


mycelium, spores. and agar was filtered through a 
double thickness of 24 20-mesh cheesecloth. Pre- 
liminary studies of the effect of 
showed few if any discernible differences among symp- 


inoculum dosage 
toms on plants inoculated with a series of dosages over 
50.000 spores per ml. Thereafter. to minimize dosage- 
difference effects. spore assays before each inoculation 
ascertained that at least 50.000 spores per ml were used 
to inoculate. A dosage range of 50.000—500.000 spores 
used. In inoculating. plants 
After inoculation. plants were 
21°C for 48 hours, 


transferred to greenhouse 


per ml was ultimately 


were sprayed until wet. 
removed to a moist chamber at 17 


after which they 


benches at temperatures of 20-25°C. 


were 


Final disease readings were made 16-19 days after 


inoculation. Beeause .t was not uncommon to find 2-3 
of the lesion tvpes of Sarasola and Campi on a single 
plant. their 5-part lesion-type scale was not employed. 
modified to the 


some of the 


desc iptiv scale. 


Sarasola and 


It was following 


which combines types of 
Campi with lesion descriptions by the author: 0, no 
lesions observed: 1. small lesions on the tips or mar- 
leaves: 2. marginal but 


extended along the blade. 2) 


gins of lesions may be 1) 
large. encompassing a 


area of the blade. or 3) both (all 3 types giving 
3. leaves wilt. often with no 


large 
severe ultimate necrosis) : 


3 Grass seed used in these studies was supplied by Dr. 
\. A. Hanson, Forage and Range Branch, Crops Researea 
Division, U. S. Department of Agriculture, Beltsville, Mary- 
land. 
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Taste 1.—Reaction*.” of differentials of Sarasola and 
Campi to some U. S. isolates of Rhynchosporium 
secalis 

Isolate 

Variety Penn Tenn NC Call Cal2 

Wisconsin Winter 

West China 4 L 


Nigrum + 


‘Denotes immune or l-type reaction. 
* Denotes 2-type or 3-type reaction. 


evidence of discrete lesions within the wilted area. 

In this connection, it should be noted that Bryner 
(1). working with the genetics of scald resistance. 
found that, by combining as susceptible the reactions 
of all plants containing any of Sarasola and Campi’s 
lesion types 1-4, 3:1 F. ratios were obtained. He con- 
cluded that a single factor was involved, and that 
variation in lesion type was due to environment and 
handling. In the present study, plants with lesions of 
types 2 and 3 were called “susceptible.” and such 
data are recorded elsewhere in this paper as “plus” 
signs. 

Resutts.—lUnited States races.—Early in the study. 
in an effort to make this work continuous with that of 
Sarasola and Campi. their differential barley varieties 
were inoculated with 5 isolates of the scald disease 
organism from the United States. The results of these 
tests, summarized in Table 1, indicate that some dif- 
ferences in specialization existed in the isolates used, 
but these differences were not sufficient to separate 
the isolates from Tennessee, North Carolina, and 
California. Using these data and Sarasola and Campi’s 
key to races, 2 races (3 and 4) could be differentiated. 
It cannot be assumed, however, that these are identical 
with those in Argentina. 

Further studies, using other barleys. indicated that 
separations could be made among these 5 isolates and 
2 others. Ultimately. 6 differential varieties were em- 
ploved. Because of its usefulness in separating the 
Pennsylvania isolate, Wisconsin Winter Glabron 
was the only one retained of Sarasola and Campi’ 
original list. 

Table 2 shows the reaction of the new series of dif- 
ferential varieties and of the variety Wong to inocula- 


Taste 2. 
R h vie hosporium secalis 


Variety Cal 2 
Wong (C.I, 6728) 
Wisconsin Winter Glabron (C.1, 8162) + 7 
California 131] 
Hudson 
Atlas 46 (CI. 7323) + ] 
La Mesita (¢ I. 7565) l 0 


+ 2- or 3-type reaction; O no lesions: | 
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tion with 8 United States isolates, and summarizes all 
of the studies conducted to date. A “+” indicates a 
2-type or 3-type reaction; a “0” denotes an immune 
reaction. Resistant but not immune reactions are de- 
noted “1.” It was noted that variety Wong was sus- 
ceptible to all isolates, and Wisconsin Winter < Gla- 
bron to all but the isolate from Pennsylvania. Cali- 
fornia 1311 was susceptible to 5 isolates, Brier to 3, 
Hudson to 2, and Atlas 46 and La Mesita to 1 each. 
Using the reaction of 5 of these varieties, the follow- 
ing key to these isolates was devised: 
Aa. Wisconsin Winter * Glabron resistant 
Pennsylvania 
Ab. Wisconsin Winter * Glabron susceptible 
B 
Ba. California 1311 resistant Cc 
Ca. Brier resistant 
California 1, South Dakota 


Cb. Brier susceptible Tennessee 
Bb. California 1311 susceptible Ce. 
Cc. Brier resistant Da. 


Da. La Mesita resistant Michigan 2 
Db. La Mesita susceptible Michigan 1 
Cd. Brier susceptible De. 
De. Atlas 46 resistant North Carolina 
Dd. Atlas 46 susceptible California 2 

From Table 2 and the key, it is seen that 7 patho- 
genic types were differentiated. The 2 California 
isolates were quite different in host range. The 2 
Michigan isolates were similar, except for the La 
Mesita reaction. Only the Michigan 1 isolate induced 
a susceptible reaction in that variety. To date, no 
variety has been found to differentiate the California 1 
and South Dakota isolates. 

Grass suscepts.—The European and Argentine work 
indicate that barley isolates of Rhynchosporium can 
attack non-cereal grasses. Caldwell’s conclusion—that 
they cannot and that the grass isolates are highly spe- 
cialized—stands in contradiction of this. Sprague’s 
host range of R. secalis in North America (9) indi- 
cates that the fungus is a common, if not particularly 
important, grass pathogen. 

As a step toward further delineating the pathogenici- 
ty of the organism, 94 species of grasses in 40 genera 
were inoculated with several of the isolates. Tests with 
the California 2 isolate have been completed. Con- 
trary to Caldwell’s conclusion, this isolate, obtained 


Reaction® of new differential barley varieties and Wong to inoculation with 8 United States isolates of 


Isolate 
Mich 1 Cal 1 Tenn Penn SD Mich 2 
+ 4 ade 
4 ] 4. 
0 0 4 0 0 0 
+ 0 0 + 0 4. 
0 0 0 0 0 0 
] 0 l 0 l 0 
A 0 ] 0 ] 0 


l-type lesion. In some cases, plants of varieties usually without lesions 


may show a slight tip necrosis. Such plants were nevertheless called immune. 
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Taste 3.—Sources of United States barley races of Rhyn- 
chosporium secalis together with the susceptibility of 
the differential barley varieties. 

Race Source Susceptible differential barleys 

U.S.-1 Pennsylvania California 131] 

U.S.-2. Tennessee Wisconsin Winter Glabron, 

Briet 
California Wisconsin Winter Glabron 
South Dakota 
U.S.4 = California Wisconsin Winter rlabron, 


| 
ll, Hud- 


( 

Brier, California 13 
son, Atlas 46 

Wisconsin Winter Glabron, 
Brier, California 1311, Hudson 


U.S.-5 North Carolina 


U.S.6 Michigan Wisconsin Winter Glabron, 
California 1311, La Mesita 
U.S.-7. Michigan Wisconsin Winter Glabron, 


1311 


California 


originally by Ashworth from Atlas 46, incited the scald 
disease on Agropyron intermedium (Host) Beauv., A. 
{. riparium Scribn. & Smith, 
4. smithii Rydb.. A. (Lk.) Richt., 
Bromus and idahoensis Elmer. 


Re-isolations and re-inoculations to these grasses were 


pungens (Pers.) Roem.., 
trichophorum 
arvensis LI... Festuca 
successful. 

The European culture incited lesions on Bromus 
unermis Buckl.. {gro- 
pyron smithii, but, at the time of writing, Koch's pos- 
tulates were not fulfilled and no strong conclusions can 


Leyss.. Elymus triticoides and 


be drawn. 

The infection studies 
conducted with different parts of the 
United States that Rhynchosporium 
secalis is specialized in regard to the varieties of barley 
it will attack. 
siders how widespread is barley production and what 


CONCLUSIONS AND DISCUSSION. 
isolates from 
gave evidence 


This is not surprising when one con- 


diverse kinds and numbers of barleys are grown in the 
In this work, mass-transfer isolates 
were used North Carolina and Cali- 
fornia isolates, which were obtained as single-spore 


different regions. 
except for the 


in the hope that each would then reflect a 
Houston and Ashworth obtained at 
California through the 


isolates 
regional situation. 


5 races and biotypes ir 


least 
use of single-spore isolates. and it follows that many 
of the isolates studied here could be broken down into 
biotypes through use of the same technique. 
Caldwell’s 
their inability, for the most part, to pathogenically 


races of the fungus. characterized by 


cToOss host generic lines, were more properly formae, 
is felt that the 
results with 


However, it present study shows that 
Caldwell’s 
too general a conclusion about pathogenic 
tion. All of the present isolates attacked Oderbrucker, 
the barley employed in Caldwell’s tests. His isolates 
from barley attacked barley (Oderbrucker) and Hor- 


Isolates from Elymus canadensis at- 


isolates from barley allowed 


sper ializa- 


deum murinum. 
tacked 2 species of Elymus (FE. striatus is a synonym 


of E. virginicus) and Agropyron trachycaulum (syno- 


nym: A. tenerum). His isolates from Agropyron at- 
tacked only Agropyron species. and isolates from 


PHY TOPATHOLOGY 


(Vol. 48 


Bromus attacked only Bromus species. In the present 
work, the isolate with the broadest barley host range 
(California 2) transcended these lines, attacking bar- 
ley, Agropyron, Bromus, and Festuca. 

These data parallel the Argentine results of 1947, in 
which isolates from barley attacked Agropyron, 
Elymus, Bromus, and Festuca. In addition, Argentine 
isolates from barley were found to be specialized in 
their ability to attack different varieties of barley. 

In view of these results, it is concluded that Cald- 
well’s generalizations concerning specialization may 
be too broad, and that forma rank for his “races” must 
await further studies of host range. From the work 
reported here it is seen that, in nature, the fungus may 
he able to pass from barley to grasses, and vice versa, 
More important, perhaps. is the indication that caution 
must be exercised in artificially segmenting, through 
pathogenicity tests, any widespread fungal population. 

That true races exist in this pathogen was demon- 
strated by Sarasola and Campi. The present work, 
with that of Houston and Ashworth (4) and of Reed 
indication of the variation of the 
fungus in the United States. Because contact could 
not be made with the Argentine authors, no cultures 
of their races were used in this study and nothing is 
known of the possible relationships of their races to 
these in the United States. Because of the practice of 
calling races by number, the following numbering sys- 


(5), gives some 


tem is tendered: 

The Sarasola and Campi races 1-4 could be redesig- 
nated A-l to A-4, the “A” standing for Argentina. 
The United States races could then be prefixed “U.S.” 
and numbered and determined as shown in Table 3. 
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EFFECT OF AGE OF SEEDLINGS OF ALFALFA, RED CLOVER, LADINO WHITE 
CLOVER, AND SWEETCLOVER ON SUSCEPTIBILITY TO PYTHIUM! 


J. E. Halpin and E. W. Hanson 2 


SUMMARY 


Seedlings of alfalfa, sweetclover, red clover, and 
Ladino white clover were susceptible to 5 species of 
Pythium in sand culture in a greenhouse at 20-23° C 
when inoculated at the time of seeding, but were 
immune when inoculated 3 or more days after seed- 
ing. Red clover and Ladino white clover developed 
complete resistance in 2 days; alfalfa and sweet- 
clover developed most of their resistance in 2 days, 
but were not immune until the third day. Resistance 


to the less pathogenic isolates was gained faster 
than resistance to the more pathogenic isolates. 
Pythium debaryanum, P. ultimum, and P. irregulare 
were the most pathogenic; P. splendens was inter- 
mediate; P. paroecandrum was least pathogenic. 
A technique is described for infesting the soil 
around established seedlings without disturbing the 


roots. 


The effect of age of legumes on their susceptibility 
to infection by Pythium spp. has received little atten- 
tion. In most studies susceptibility has been deter- 
mined with the fungus present in the soil at the time 
of seeding: only a few workers have reported on the 
reaction of plants to post-germination inoculation. 

Gregory et al (2), in studying antibiotics and an- 
tagonistic microorganisms as control agents against the 
damping-off of alfalfa incited by Pythium, showed that 
the older the seedlings when the fungus was intro- 
duced to the soil, the greater their resistance to attack. 
Little or no loss of plants occurred when the fungus 
was placed in the soil 14-20 days after seeding. 

Richter (10) noted that white lupine (Lupinus albus 
L.), blue lupine (L. angustifolius L.). and yellow 
lupine (L. luteus L.) developed resistance to various 
Pythium spp. under conditions of high soil moisture. 

Kilpatrick, Hanson. and Dickson (7), in a survey 
of the fungi associated with diseased red clover roots, 
noted that Pythium spp. were most commonly isolated 
from very young plants. In another report (8), these 
workers stated that some isolates of Pythium were 
very pathogenic on red clover if introduced into the 
oil at time of seeding; they did not determine the 
pathogenicity of their isolates on older plants. 

Previous studies by the authors (3, 4) compared the 
pathogenicity on alfalfa, sweetclover, red clover, and 
Ladino white clover seedlings of 7 species of Pythium 
introduced into the soil at the time of seeding. The 
present studies were made: 1) to determine if stage of 
development at time of inoculation influences suscepti- 
bility of any of these hosts, 2) to ascertain the age at 
which the host develops resistance, if it does, and 3) 
to obtain further information on the symptomatology 
and relative pathogenicity on legumes of 5 species of 
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Pythium common in Wisconsin soils. 

MATERIALS AND METHODS.-I’ythium debaryanum 
Hesse, P. irregulare Buisman, P. paroecandrum Drech., 
P. splendens Braun, and P. ultimum Trow were tested 
for pathogenicity on alfalfa, sweetclover, red clover, 
and Ladino white clover seedlings 0-56 days old. The 
isolates and seed lots studied were the same as those 
used in previous investigations (3, 4). All tests were 
made in steam-sterilized white silica sand in 6-in. clay 
pots in a greenhouse at 20-23°C. 

Seeds used were free from infection, as indicated by 
plating tests. As a precaution, however. all seeds were 
surface-sterilized by rinsing in 95 per cent ethyl alco- 
hol and a 1 per cent solution of sodium hypochlorite. 
Two hundred and fifty germinable* seeds were sown 
in each pot and covered to a depth of 44 in. Immedi- 
ately after seeding, the sand was moistened with sterile 
distilled water and the pots covered for 2-3 days with 
clean paper, to keep out contamination and conserve 
moisture. Some seedlings began to emerge 36 hours 
after sowing, and considerable emergence had _ oc- 
curred in the uninoculated pots by 48 hours after seed- 
ing. Subsequent watering was done with a 0.5NV Hoag- 
land solution. The pots were flushed with sterile 
distilled water at weekly intervals to prevent excessive 
accumulation of any salts that might be texie to the 
plants. 

To prevent pot-to-pot contamination the pots were 
never permitted to stand in the drainage water. In 
most tests it was possible to space the boards in the 
top of the bench 2-3 in. apart so that all drainage fell 
directly on the floor beneath the bench. In a test with 
older plants where this procedure was not possible, 
the pots were placed on | 2-in. blocks (Fig. 1) to 
keep the bottoms of the pots out of the drainage water. 
Before each trial. greenhouse benches were scrubbed 
with hot water containing a detergent and thoroughly 
rinsed with a 1:500 mercuric chloride solution. These 
precautions seemed essential because of the rapid rate 


3 Germinability was determined by germination tests and 
adjustments made in seeding rate for seeds that did not 
germinate. For example, if a seed lot germinated 90 per 
cent in a blotter test, 278 seeds were sown per pot to pro- 
vide 250 germinable seeds. 
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of zoospore production of most of the Pythium spp. 
used. 

Seedlings of each of the 4 tested 
against each pathogen at 11 different ages: 0. 1, 2. 3. 
6, 9. 12, 14, 28, 42, and 56 days from the time of seed- 
ing. Checks for each age group, for each legume, were 
Each test in- 


legumes were 


included in all replicates of all trials. 
cluded 4 replications. and was repeated 3 times for 
seedlings 0-3 days old when inoculated, and 2 times 
for older plants. 

Inoculum was increased in potato-glucose broth 4 in 
4-liter Erlenmeyer flasks (1200 ce of broth per flask) 


kept on a shaker for 7 days. This method produced a 
large quantity of mycelium, mostly in the form of 
small balls. These broth, 


washed with sterile water. and added to the sand at the 


were separated from the 
rate of 1 heaping teaspoonful per pot. 

The technique illustrated in Fig. 1 was used to place 
the inoculum among the roots without injuring or 
disturbing them. Two 15-ml centrifuge tubes were in- 
serted in the sand in each pot before seeding and 
left there until 


moved, leaving 2 wells extending nearly to the bottom 


inoculation time, when they were. re- 
of each pot. The inoculum was placed in each of these 
The 
then watered from the top to facilitate rapid spread of 
the inoculum to all 


wells and covered with sterile sand. pots were 


parts of the substratum. Since 
inoculum was placed only in the wells. it was impor- 
tant that the sand in other areas of the pots became 
infested quickly. 

The rate of spread of the isolates was determined by 
plating samples of sand from selected areas in the pots 
on potato-glucose agar. The plating data showed that 
each of the present in all 
after the 
Moreover, within this period each 
except af 
heen observed to produce zoospores (9) 


isolates was parts of the 


within 24 hours inoculum 


placed in the wells. 


substratum was 


of the isolates ultimum, which has never 


Wds recoy- 
ered from drainage water escaping through the open- 
ings in the bottoms of the pots 


Fifteen 


counted. 


days after inoculation. surviving seedlings 
sand, 


Samples of each 


were carefully removed the 
washed. and examined for symptoms. 
both 


fixed in an 


inoculated and uninoculated. 


FAA 


transversely 


age group, 
killed and 


tissuemat. 


were 
solution.” embedded in 
sectioned and longitudinally, 
stained.” and examined microscopically for the pres- 


Additional 


plated, with and without surface-sterilization. on po- 


ence of fungus mycelium. samples were 


tato-glucose agar. The surface-sterilizing agent was 
1 per cent sodium hypochlorite. 

Resucts, 
effect on 
Pythium. 


white clover were extremely, susceptible to some species 


Age of legume seedlings had a profound 


their susceptibility to various species of 


Alfalfa, sweetclover, red clover. and Ladino 


of the fungus when inoculated at the time of seeding 


'Two hundred 
cose, 1000 cc water 
Five ec 


per cent ethyl alcohol. 


peeled and sliced potatoes, 


formalin and 5 ce acetic acid in 90 ce of 50 


*Conant’s quadruple stain (6) with Orange G omitted. 
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Fic. 1. Sketch of a vertical section of a 6-in. pot ele- 
vated on | 2-in. blocks, showing sand, layer of glass 
wool over the drainage opening at the bottom of the pot, 
and 1 of the 2 centrifuge tubes placed in each pot at the 
time of seeding. At time of inoculation these tubes were 
removed and the inoculum placed in the wells vacated by 
the tubes. This procedure permitted placing the inoculum 
among the roots of established plants without disturbing 
the roots. 


or within 1 day thereafter (Table 1 and Fig. 2). How- 
ever, by the time the plants were 3 days old they had 
developed resistance. Seedlings of red clover and 
Ladino white clover did not become infected if inocu- 
lated when 2 days old. and alfalfa and sweetclover 
seedlings showed no infection when inoculated after 
they were 3 days old. Moreover, a careful examina- 
tien of hundreds of stained sections of this material 
failed to show mycelium in the roots or other evidence 
of infection. other these 
legumes developed resistance at an early age and _ re- 
tained this resistance for at least 8 weeks. the duration 


words. the tissues of 


of the experiments. 

The rapidity with which the tissues became resistant 
to Pythium is illustrated in Fig. 2. The seedlings were 
very susceptible to all but 1 of the isolates during the 
first 24 hours after seeding. but gained resistance at 
a very rapid rate thereafter. Most of the resistance was 
developed during the second day. Resistance to the 
less virulent isolates was evident earlier than was re- 
sistance to the more virulent isolates. For example. P. 
paroecandrum was the least pathogenic of the isolates 
tested. and all of the legumes showed resistance to it 
earlier than they did to the other isolates. The less 
susceptible hosts developed resistance faster than the 


more susceptible ones. Red clover and Ladino white 
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clover changed from susceptible to immune during the 
second day. Alfalfa and sweetclover developed most 
of their resistance during the second day. but were 
not immune to the more pathogenic isolates until the 
third day. 

The relative pathogenicity of the 5 species of 
Pythium used in these tests ranked essentially the 
same as in previous tests (3, 4). During the 2-3 days 
the legumes were susceptible, P. debaryanum, P. ulti- 
mum, and P. irregulare were the most pathogenic. fol- 
lowed by P. splendens and P. paroecandrum. 

Effects of inoculation at the time of seeding. 
Severity of symptom expression decreased with  in- 
creases in the age of plents at time of inoculation 
(Table 1). The most disease occurred when the patho- 
gens we-e added to the sand at the time of seeding. 
Seed rotting. one of the most severe tvpes of injury. 
developed only under this condition. P. debaryanum 
incited the most seed rotting and extensive pre-emer- 
vence killing. P. irregulare, P. ultimum, and P. splen- 
dens caused some seed rotting. but mostly pre-emer- 
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gence killing. Few seedlings emerged in pots infested 
at seeding time with any of these 4 species. Many of 
those that did emerge eventually damped off. and those 
still living 15 days after seeding showed extensive 
stunting, rotting of the roots and hypocotyls, and spot- 
ting of the cotyledons. 

Effects of inoculation 1 day after seeding.-When 
inoculation was delayed until 1 day after seeding. no 
seed rotting was observed but abundant pre-emergence 
killing occurred. P. debaryanum was the most patho- 
genic species, killing most of the plants before emer- 
gence, and many of the survivors soon after emergence, 
\ few seedlings of red clover and Ladino white clover 
remained completely healthy. No disease-free seed- 
lings were observed when these clovers were inoculated 
with this isolate at time of seeding. 

P. ultimum caused less pre-emergence killing than 
P. debaryanum, but post-emergence damping-off was 
so severe that final stands were very similar to those 
in the series inoculated with P. debaryanum. A few 
red clover and Ladino white clover plants remained 


Tance 1.-Effect of age of seedlings of altalia, sweetclover, red clover, and Ladino white clover on susceptibility to 5 species 
of Pythium in a greenhouse at 20-23°C, as indicated by types of symptoms and disease severity ratings * 


Symptoms when inoculated indicated number — Disease index when inoculated indicated 


of days after seeding ' 


Host and species of Pythium 0 ] 
ALFALFA 
Check (no fungus) 
P. paroecandrum BCD 
P. sple nde ns ARC I) hye 1) 
P. irregulare ABCD BED 
P. ultimum ABCD BCD 
P. debarvanum ABCD BCD 
SWEETCLOVER 
Check (no fungus) F F 
P. paroecandrum RCD RCV 
sple nde ns ABE 1) 
P. irregulare ABCD BED 
P. ultimum ABC BCD 
P. de barvanum ABC I) 


RED CLOVER 


Check (no fungus) 
P. paroecandrum BCD Ff 
P. splendens ABCD BCD | 
P. irregulare ABCD BCD F 
P. ultimum ABCD BCD 
P. debarvanum ABCD BCD 

LADING CLOVER 
Check (no fungus) I F 
P. splendens ABCD BCD F 
P irregulare ABC 1) he D F 
P. uliimum ABCD BCD F 
debarvanum ABCD BCD F 
Average all tests. 

“Svmptoms present are indicated bv the following evmbols: 

\ Seed rotting. 

Pre-emergence killing. 

( Post-emergence damping-off. 

1) = Root and other rotting (necrotic). 

E Root discoloration without necrosis. 

symptom-free seedlings. 


number of days after seeding 


2 0 l 2 

F 0 0 0 

EF l 
CDE 34 

CDE ! l 

CDE 

CDE 

F 0 0 0 

DFE 5 

DE 3+ l 

CDE } } 

CDE 

CDE 

F 0 0 0 

F 2 0 0 

F 2 0 

F 3+ 0 

34 0 

F j 34 0 

FE 0 0 0 

F 2 0 0 

F } 2 0 

F 0 

F ! 1 0 

F 1 0 


‘Severity ratings on a scale of 0-4, from no disease to all p'ants killed. 
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Fig. 2. Effect of seedling age at time of inoculation with 
5 species of Pythium on resistance of alfalfa, sweetclover, 
clover, as indicated by pet 


red clover, and Ladino white 


cent stand 15 days after inoculation. 
healthy. 

P. irregulare incited pre-emergence killing similar 
to that from P. debaryanum and P. ultimum. It was 
more virulent on sweetclover and alfalfa than on red 
Seedlings, especially 
after 


Ladino white clover. 


and 


clover or 
of alfalta 
inoculation showed considerable root and hypocotyle- 


Spotting of the 


sweetclover, surviving 15 days 


donary rotting. cotyledons also oc- 
curred. This symptom was more common on red clover 
\ few of the seed- 


lings of red clover and Ladino white clover showed no 


seedlings than on the other hosts. 
disease 

P. splendens was slightly less pathogenic on alfalfa 
and sweetclover. and considerably less pathogenic on 
red clover and Ladino white clover, than the species 
This was apparent both 
in stand (Table 1). No 


alfalfa or sweetclover seedlings escaped infection, but 


of Pythium discussed above. 
and disease-severity ratings 
a considerable number of red clover and Ladino white 
clover plants remained healthy. 

P. paroecandrum caused pre-emergence killing in 
sweetclover, post-emergence damping-off in both sweet- 
clover and alfalfa, and no disease symptoms on red 
clover or Ladino white clover. The percentage of sur- 
viving seedlings showing root rot and spotting of the 
hypocotyl and cotyledons was greater in sweetclover 


than in alfalfa. 
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Effects of inoculation 2 days after seeding.—When 
the inoculum was introduced 2 days after seeding, no 
seed rotting or pre-emergence killing was observed for 
any of the legumes tested. Some post-emergence damp- 
ing-off occurred in alfalfa and sweetclover, but none in 
red clover or Ladino white clover. At this stage of 
seedling development, both red clover and Ladino 
white clover showed complete immunity to the isolates 
used. In contrast, stands of sweetclover were 70-98 
per cent of the checks, and those of alfalfa were 80- 
100 per cent of the checks, depending on the isolates 
used, 

P. debaryanum, P. ultimum, and P. irregulare pro- 
duced very similar effects on alfalfa and sweetclover. 
These species caused moderate reductions in stand, 
some root lesions, and considerable root discoloration. 
P. splendens was less pathogenic, particularly on al- 
falfa. It caused slight stand, a few 
root lesions, and a very slight browning of the roots. 
free from disease. P, 
paroecandrum was only weakly pathogenic under these 
conditions. It caused a trace of post-emergence damp- 
ing-off, a few root lesions, and a tannish root discolora- 
tion on some of the seedlings of sweetclover. On alfal- 


reductions in 


Many seedlings were entirely 


fa, it incited only a slight tannish to cream root dis- 
coloration, as contrasted to the bright white color of 
check plants. It was of little consequence on any of 
the legumes. 

Effects of inoculation 
Three days after seeding. none of the legumes became 
infected with any of the tested. They ap- 
peared to be immune. Similarly, plants inoculated 6, 
9, 12, 14. 28. 42. and 56 days after seeding showed no 


3-50 days after seeding. 


isolates 


evidence of infection. 
Discussion.—-Under the conditions of these tests. red 
clover and Ladino white clover developed complete 
within 2 Three days 

were required for alfalfa and sweetclover. It might 
be expected that a somewhat longer, or possibly even 
shorter. time would be required under different. en- 


resistance days after seeding. 


vironmental conditions, 
Hooker and Diekson (5). 


resistance, 


in studying the effects of 
temperature on that 
embryos excised from kernels that had been germi- 
nated at 24 C were resistant to Pythium after 3 days, 
whereas embryos from kernels of the same. strains 
germinated at 12°C required about 15 days to reach 
Chemicals in the soil 


demonstrated corn 


the same level of resistance. 
also may influence resistance. Graham and Greenberg 
(1) found that salicylic aldehyde added to the soil 
at the rate of 50 ppm appeared to predispose wheat 
roots to attack by P. arrhenomanes Drechsler. Richter 
(10) suggested that soil moisture influences resistance. 
Very likely other factors also are involved. 

Results obtained in a greenhouse under a specific set 
of conditions do not, therefore, necessarily indicate 
what happens in the field under natural conditions. 
However. the results here reported do show the ca- 
pacity of several small-seeded forage legumes to de- 
velop resistance under conditions highly favorable for 
certain species of Pythium. Perhaps they also explain 
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why Pythium spp. are only infrequently isolated from 
older plants. The nature of the resistance has not yet 
been ascertained. 
WISCONSIN AGRICULTURAL EXPERIMENT STATION 
AND 
Forace anp Rance Researcu Brancu 
U. S. DEPARTMENT OF AGRICULTURE 
Maptson, WISCONSIN 
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PATHOLOGY AND PATHOLOGICAL HISTOLOGY OF DOWNY MILDEW, 
SCLEROPHTHORA MACROSPORA, ON SIX GRAMINICOLOUS HOSTS! 


Marvin D. Whitehead 


SUMMARY 


Downy mildew, incited by Sclerophthora macros- 
pora, is reported for the first time as a parasitic 
disease of sorghum. In an extensive study of the 
pathological histology of this disease of corn, sys- 
temic infections resulting in cell hypertrophy and 
hyperplasia were observed. In leaf tissue of foliate 
tassels the intercellular spaces surrounding the 
vascular sheath cells, especially of the secondary 
vascular bundles, are the primary center of mycelial 
development. The sheath, and later the phloem 
cells are pushed aside as individual mycelial strands 
enlarge, forming large, globular protoplasmic 
masses encased in a thin wall that later may become 
quite thickened. Oospores were formed in close 


association with the vascular bundles. The xylem 
cells became much enlarged, distorted, and closely 
appressed to developing oospores. There was a 
pronounced development of the spiral thickenings 
of the vascular elements. Leaf sheath and husk 
tissues are thickened alternately, as much as twice 
normal, inciting the outer surfaces to be macro- 
scopically roughened and warty. As many as 15 
sporangiophores arise through a single stomata and 
may appear on both leaf surfaces from the same 
hypha. Less extensive study of diseased sorghum, 
wheat. oats, barley, and crabgrass revealed a paral- 
lel development of host-parasite relationships. 


One of the first descriptions in corn of an abnormal 
inflorescence resembling the condition now known to 
he incited by the downy mildew fungus. Sclerophthora 
macrospora (Sace.) Thirum., Shaw, and Naras., was 
published by Sturtevant, in 1899 (13). Koehler (6) 
gave the disease the name of crazy top, from its most 
conspicuous symptom, a proliferation of the tassel. 
Although he did not consider the probable cause of the 
symptoms to be incited by a Sclerospora. neither did 
he consider it to have a genetic basis, because of the 


1 Accepted for publication April 28, 1958. 
Published with the approval of the Director of the Mis- 


sour! Agricultural Experiment Station as Journal Article 


No. 1849. The author is grateful to Dr. R. E. Karper for 
supplying the sorghum material described in this study, and 
to Drs. Charles Leinweber and Maurice C. Futrell for 
photographic assistance. 


spotty nature of its occurrence in the field. Until 1949, 
when Ullstrup (16) attributed the abnormality to infec- 
tion by Sclerospora macrospora Sace., it was generally 
thought in America to have a genetic basis (12, 13, 19). 
However. no observations indicating a genetic pattern 
of development had been made. Reports had empha- 
sized its occurrence in low-lying areas or in fields sub- 
ject to flood waters (5, 6,19), and an analogy had been 
made between the symptom expression on corn and 
symptoms incited by Sclerospora spp. on other grass 
hosts (5). Similar symptom expressions on oats, barley, 
and wheat had been described and attributed to S. 
macrospora (8 .9, 20). As pointed out by Ullstrup (16), 
earlier Italian reports (1, 2, 3) of morphology of the 
causal organism, pathological histology, and symptoms 
of a disease of corn similar to those of crazy top ap- 
parently had been overlooked by American patholo- 
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gists. Ullstrup (17) made a comprehensive report on 
He 
also reported some histological observations and the 
Digitaria san- 


his observations of disease development in corn, 


occurrence of symptoms on crab grass, 
guinalis (L.) Scop.. and witehgrass, Panicum capillare 
L. Later (18) he the the 


sporangial stage on corn and crabgrass. and the oc- 
Eleusine indica 


reported occurrence ot 


currence of the disease on goose grass. 


(L.) Gaerth. love grass. Eragrostis pectinacea 
(Michx.) Nees. stink grass. E. cilianensis ( All.) Link, 


Koehler 


fox- 


and green foxtail. Setaria viridis (L.) Beauv. 


(6) had previously reported symptoms on green 


tail and barnvard grass, Echinochloa crusgalli (L). 
Beauv.. that he considered probably incited by the 


same factor inciting the disease on corn. 

Peglion’s (10) and Peyronel’s (11) descriptions of 
relatively large sporangia borne singly on short pedun- 
cles unlike any other Sclerospora questioned the taxo- 
nomic position of Sclerospora macrospora, On the ba- 
sis of sporangial morphology. Tanaka (14) considered 
MeDonough (7) from his cytolog- 
concluded that the organism 


it a Phytophthora. 
cal study of the oospore 
could not be placed correctly in any known genus bhe- 
cause of the 
like those of 
and Naras. 


a grass host. 


multinucleate. thick-walled oospores un- 
the genus Phytophthora. Thirum.. Shaw, 
(15). 
placed it un ler a 
t possessed characters of both 


on observing the sporangial stage on 


new genus. S¢ leroph- 


thora. for they found 


Sclerospora and Phytophthora. 


MATERIALS observa- 


AND METHODS Histological 


tions were made of corn leaf. leaf sheath. and. stalk 
material collected at 5 locations: College Station, 
Hufsmith. and De Leon. Texas: and Sikeston and 


Boonville. Missouri. Material of other hosts was also 


examined. from locations as follows: oats trom Gaines- 


ville. Florida: wheat from Fulton. Kentucky: barley 
from Sikeston. Missouri sorghum from Amherst. 
Texas: and erabgrass trom Boonville. Missouri. The 


pathological histology of the disease was studied in 


free-hand and microtome sections. the latter prepared 
by the paraflin method The microtome sections were 
made from material fixed in Karpechenko’s modifica- 
tion of Navashin’s fluid. dehydrated in tertiary butvl 
ileohol-dioxane embedded in paraffin. cut with a 


rotary microtome. and stained with a modification of 


Conart’s quadruple stain 


PATHOLOGY AND SYMPTOMATOLOGY. Corn The 
author’s (21) observations of pathology and symptom 
expression closely follow those of Ullstrup (17). \ 
100 per cent infection downy mildew of a 10-acre 
creek-bottom field of Texas Hvbrid 30 corn was ob- 
served in August. 1954. at De Leon. Texas. This field. 


100-125 bushels of 
corn per acre. When had 
emerged to one-half full stand, the field was flooded 


which in past years had produced 
was a total loss. the corn 
for about 10 hours with the temperature near freezing. 
After the water full 
stand and appeared healthy for a short time. When the 
plants were about 2 ft high. the leaves first developed 

Fig. 1-4. 
tassel, ear shoot. leaf and stalk tissues | 
tassel and ear shoot of mature corn plant 


receded the corn emerged to a 


Symptom expression of downy mildew of corn. 


0.3) Fig. 3 
Fig. 5-4 
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Foliar proliferated sorghum head | 
3. Mycelium development within the host. 
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chlorotic streaks and appeared to lack vigor for the 
rest of the season. In the mature plants the conspicu- 
ous proliferation of tassel and ear-shoot (Fig. 1, 2. 4) 
tissues overshadowed other rather distinct symptoms, 
About half of the plants failed to produce tassels, and 
most of the tassels that did develop were grotesquely 
malformed. Foliate tassels ranging from normal size 


in diameter and 16 in. long were common, 


to 12 in. 
with some measuring 2 ft. in length. The weight of the 
larger diseased tassels tended to pull them over. to 
hang in bell-like fashion (Fig. 1, 4). There was an 
apparent tendency for small. abortive ears to form in 
the tassel. and for staminate floral parts to form on the 
ear shoot. The more proliferated tassels appeared as 
a mass of small leaves (leaf blade and sheath). groups 
of small whorls of leaves. or tiny, abortive ears (Fig, 
2). The proliferated tissues were found to be homolo- 
gous with other normal floral structures of maize. The 
character the 
balance between vegetative development and reproduce: 


amounts to a general disturbance of 
tion. 

Leaves of inteected plants were generally of near- 
normal width, having a tendency to be thicker, shorter, 
stiffer. and slightly erect. or of normal length and 
sometimes rolled together into a tight roll rather than 


Mottling of 


green and chlorotic streaks was a common leaf symp- 


strap-like. as reported by Ullstrup (17). 


tom. In more severely diseased plants the leaf. leaf 
sheath. and husk 
forming a roughened, leathery. warty surtace. 


enlarged, 
Inter- 


veins were irregularly 
nodal stalk surface tissues below heavily warted leaves 
were warty and mottled. Stunting and excessive tiller- 
ing were symptoms of severely infected plants. 


the shank 


frequent, with one ear shoot 3 ft. long (Fig. 4). It 


Excessive number of nodes of ear was 
was apparent that the disease was systemic in nature. 
Oospores of downy mildew were found in all plants 
observed from the De Leon field. In a high 


of the mature plants. the tissues adjoining the vascular 


percentage 


bundles of all the foliar portions of the tassels. ear 
husks. leaves. and leaf sheaths were heavily filled with 
oospores, 

The De Leon field was planted to corn of the same 
variety in 1955. At the 
peal d diseased and lacked vigor, the held was plowed 


mid season. when crop) ap- 


under and planted to sorghum. The sorghum, planted 
during a dry period, produced a normal crop. 
Minor infections were observed at College Station 
and Hufsmith. Texas. in 1952 and 1955. and at Sikes 
ton. Missouri. in 1955. and Boonville. Missouri. in 


1957. 
Sorghum.—While the author was studying slides of 
cvtogeneticist G. 
distorted 
of sorghum described in 1936 (4). 
Karper and Stephens (4) reported that t 


host distortion in corn with 


Reeves. he recalled a similarly inflorescence 


hey 


Fig. 2. Symptom expression of corn, 
0.4). Fig. 4. Proliferated 


ob- 


Fig. 1. Field symptoms. 
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Morphological 


characters Corn Sorghum 
Min. 16.8 15.0 
Oogonium Max 65.2 69.0 
62.9 59.0 
Min 2.0 1.3 
Oogonium wall Max 5 1.5 
4.6 y 
Min 12.8 38.8 
Oospore 60 699 
Av. 53.5 
Min 1.5 2.2 
Oospore wall Max 7.6 6.7 
9 
Min 1.0 1.0 
Mycelium diam. Max 30) 18.0 
Min 0.5 0.5 
Mycelium wall 15 
Min 1.2 57.0 
Sporangia Max 37.0 B46 
92.8 63.7 


served spikelet abnormalities on 24 per cent of plants 


field of 


Texas. 


examined in a 15-acre portion of a 30-acre 
certified Texas Blackhull Kafir at Amherst, 
The other 15-aere portion was found free of abnor- 
malities. as were 2 other fields on other farms planted 
from the same lot of seed. A had inter- 
vened between planting of the field that developed 
abnormal plants and planting the other fields. It was 
postulated that thé different environmental complex 
at planting probably had affected reproductive proc- 
Because the plants producing abnormal shoots 


heavy rain 


esses. 
were scattered through the field. it was thought that 
the 
mined whether they 
mental stimulus by producing abnormal spikelets. The 


constitution of individual plants deter- 


would respond to this environ- 


genetic 


phenomenon appeared to be the result of an unusual 
combination of environmental factors encountered by 
the plants at a critical stage in early development of 
the reproductive organs. 

Replacement of normal seed with vegetative shoots 
in the spikelet varied from a few to 100° per cent. 
The heads relatively short 


rachis, comparatively few seed branches, and, although 


were abnormal. with a 
about the same size as normal heads, they were irregu- 
larly-shaped and lacking form. Normal 
seed-bearing shoots were interspersed with abnormal 
In abnormal spikelets 


evlindrical 


shoots throughout the spikelet. 
the outer glumes were regular but a shoot formed be- 
tween them, consisting of a small stem bearing leaves 
that varied considerably in Most of the 
tative leaves were differentiated, similarly to normal 
The length of the shoot 
No 


form. vege- 


leaves. into blade and sheath. 


varied from a fraction of an inch to 5 in. trace 


Fic. 5. 


corn foliar tissue with spread of mycelium between vascular bundles | 
Fig. 8. Longitudinal section of corn foliar tissue showing extent of mycelium 


38). 


with large, heavy-walled mycelium | 
infection 
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Cross section of corn foliar tissue with thin-walled, 
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Comparative morphological measurements (in w«) of Sclerophthora macrospora from 6 host species 


Wheat Oats Barley Crabgrass 
17.0 6.2 50.7 82 
63.0 O74 61.4 60.5 
58.5 58.2 56.2 56.2 

2.0 L.5 2.0 2.0 
£.3 4.5 1.2 4.3 
3.3 3.4 3.4 3.1 
$1.2 42.7 18.9 42.7 

61.5 57.7 68.4 58.1 

53.2 55.8 56.2 51.6 
3.5 2.3 3.6 3.0 
4.5 3.8 6.7 
3.9 act 1.5 3.8 
1.0 1.0 1.0 1.0 
15.0 51.0 54.0 13.0 
0.5 0.5 1.0 1.0 
1.7 5.1 3.8 4.3 

68.4 91.2 

198 « 65.4 


of vegetative organs of the spikelet, such as sterile 
lemma or palea, were found between the glumes. The 
plants bearing these heads were abnormal and_ pro- 
fusely tillered, and produced a bunchy growth that 
could be distinguished readily from normal plants at 
considerable distance. 

Karper was able to supply 1 of the sorghum heads 
that he had described in 1936 (Fig. 3). Sections 
of a portion of the material revealed the tissues to 
he heavily filled with oospores of Sclerophthora ma- 
crospora. All symptoms of the sorghum inflorescence 
were analogous to that of a proliferated tassel of 
downy-mildew-infected corn. All the genera that have 
been found infected by this pathogen have developed 
host prolifera- 
tion of inflorescence. chlorotic mottling of leaves, and 


reactions similar to those in corn, i.e. 


irregular thickening of the veins. 

From what is known of the disease development in 
corn it can be considered highly probable that the 
abnormal sorghum plants described by Karper and 
Stephens were the symptom development of an infee- 
tion by downy mildew. Abnormal plants developed 
in a planting made just prior to a heavy rain and 
there was no symptom development in a_ planting 
made just after this rain. This phenomenon closely 
follows what is known of initiation in corn 
as observed by the author and reported by Ullstrup 
(17). Free water is required to transport the swim- 
ming spore to initiate infection by Sclerophthora. The 
rainy period to which the first field was subjected 
apparently had supplied the required water; the other 


> 


40) Fig. 6. Cross section of 
Cross section of corn foliar tissue 


disease 


globular mycelium | 
35) —Fig. 7. 


large, 
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field probably grew through the period of suscepti- 
bility without being subjected to excessive moisture 
with optimum (cool) temperature for spore germina- 
tion and infection. 

PATHOLOGICAL HISTOLOGY.-No study was made of 
early fungal invasion. for all material sectioned was 
obtained after host symptoms were well-developed to 
maturity of the host. No differences were noted in 
the morphology or in the pathological histology ot 
the pathogen for the 5 locations for corn or for the 
other hosts (Table 1). 

D'Ippolito (2). MeDonough (7). and Ullstrup (17) 
all noted the close association of the oospores to the 
vascular bundle, but no report indicated that they had 
noted the extreme cell distortion observed in’ this 
study. Although he did not mention it. xylem distor- 
tion can be noted in D'Ippolito’s illustration in’ his 
1903 report. 

In the leaf tissue of foliate tassels, the intercellular 
spaces surrounding the vascular sheath cells. espe- 
cially of the secondary vascular bundles (Fig. 5), 
are the primary center of mycelial development. The 
sheath, and later the other cells, are pushed aside as 
individual mycelial strands enlarge. forming large. 
globular protoplasmic masses encased in a thin wall 
(Fig. 5-6). 0.5 4 thick. that later may become quite 
thickened (Fig. 7). 57 4. Thick- and thin-walled my- 
celia were observed in close proximity (Fig. 16). The 
healthy primary and secondary vascular bundle is 
shown in Fig. 13. The intercellular, coenocytic my- 
celium starts out very fine. apparently enlarging. 
pushing aside host cells and tending to fill in’ the 
available space. In longitudinal section tortuous my- 
celium. with diameters equal to over half the thick- 
ness of the leaf. was common. No previous report 
has been made of intercellular mycelium attaining 
such large diameters in an annual host 

The enlarged mycelium is connected to sporangio- 
phore initials at the leaf = surface through stomata 
(Fig. 5. 16). As many as 15 sporangiophores were 
observed to arise from a single stomata. and sporan- 
giophores from the same hypha may appear on both 
leaf surfaces. Infrequently. large-diameter mycelium 
was observed in the area of oospore development. 
Observations of oospore development on the 5. host 
species studied closely followed those reported by 
McDonough (7) for wheat. Oogonia and oospores 
were found most abundantly in the foliate tissues of 
the tassels, and in the warty leaf sheath and shuck 
tissues of severely diseased plants. The sexual organs 
of the fungus occurred intercellularly. and were closely 
associated with the vascular bundles 

The xvlem elements of the hosts become much 
enlarged. distorted, and closely appressed to the de 


veloping oospore. This phenomenon is clearly demon- 


Fic. 9-12. Mature oospores and vascular proliferation around an oespore. 
an oospore has fallen out of a section, with tangled mass of xylem tissue tightly and completely covering oospore | 
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strated in Fig. 11. in which a tangle of xylem elements 
can be observed formed around an oospore. The next 
serial section. 10 4 away (Fig. 9). shows where the 
oospore has fallen out of the section. with the mass 
of xylem elements completely and tightly covering the 
oospore. In the initial free-hand sections through 
oospores the proliferated vascular tissue appeared 
and was at first considered to be confluent appendages 
ot the oospore, In cross sections of secondary vascular 
bundles. the dark (safarin stained) heavy-walled tis- 
sues are xvlem elements (Fig. 14. 15). There is a 
pronounced development of the spiral thickenings of 
the vascular elements. Even with the distorting devel- 
opment of the parasite. little or no deleterious stain- 


ing was noted on the host cells. 


In the corn host. oogonia were oval to spherical 


(Fig. 10. 12. 14) measuring 46.8-65.2 » in thickness, 
Oospores were vellowish and ranged from 42.8-60.7 jp, 
with an average of 55.2 
observed to he pe rsistent and closely appressed to 


yw. A single antheridium was 


the developing oogonium (Fig. 12. 17B). A> range 
of 22-48 nuclei, peripherally located in’ the heavily 
granular cytoplasm, was observed in the oogonia (Fig. 
10. I17A. By. relatively large (15-32 diam.), 
spheric al of dense cevtoplasm free from vacuoles 
forms the center of the oospore (Fig. 10. 17A, B). 
Although slightly atypical (7). the structure as seen 


in this study is considered to be a coenocentrum. 


Sporangiophore initials, appearing to be the rem- 
nants of sporangiophores that had grown through 
the stomata. were observed in all collections of  in- 
fected material. A heavily-infected field of corn was 
observed for sporangial development at Boonville. 
Missouri. on October 20, 1957. The first slides of 
leaf scrapings. made at 4 A.M.. were found to con- 
tain mature sporangia. Since this was the date of 
the first light frost of the season. it was about the 
last possible date for studying the disease in living 
host tissues. Foliar tissues of proliferated. actively- 
growing. ear-shoot tissues of corn and of the pro- 
liferated. stunted leaves of crabgrass. a weed host 
in the field. were observed to have a relatively abun- 
dant production of sporangia on both leaf surfaces 
(Fig. 17D). 
podially (Fig. 17D). Mature sporangia were large, 
11-57 x 
(Fig. 17C. E). Sporangia germinated by the produc- 


Phe short sporangiophore branched sym- 


57-91 uw. lemon-shaped. with an apical papilla 


tion of 24-32 biciliate zoospores (Fig. 17C. BE). 


> 


Fig. 9. Longitudinal section showing where 


92). 


Fig. 10. Multinucleate oospore (* 150).-Fig. 11. Next 10u serial section (from section shown in Fig. 9) showing 
mass of proliferated xvlem tissue that has formed around a developing oospore (> 50).—Fig. 12. Large. double. thick- 


walled oospore showing antheridial connection on the bottom side of the oogonium and massive xvlem cells ( 


90). 
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Fig. 13. Cross section of healthy leaf tissue showing pri- 


mary and secondary vascular bundle (* 40).—Fig. 14. Cross section of secondary vascular bundle showing oospore and 
vascular development (> 60).—Fig. 15. Low-power photomicrograph showing general oospore development and vascu- 
lar distortion (* 10).—Fig. 16. Large mycelium connecting out through stomata to sporangiophore initials at upper 
left of figure. Thick- and thin-walled mycelium in close proximity (< 50). 
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BEHAVIOR OF 


SOLOPATHOGENS FROM INTERSPECIFIC CROSSES OF 


SOME SPHACELOTHECA SPP.! 


R. W. Goth. J. B. Rowe 


and M. F. Kernkamp * 


SLMMARY 


Solopathogenic lines, i.e. monosporidial isolates. 
which, when inoculated singly into the host, are 
pathogenic and produce sori with viable chlamydo- 
to occur among 
interspec crosses of either 
Sphacelotheca (Lk.) Clint. or S. cruenta 
(Kuehn) Potter S. reiliana (Kuehn) Clint. 
Chlamydospores produced by these solopathogenic 
lines germinated abnormally with a high incidence 


demonstrated 
the 
sorghi 


were 
progeny of 


spores, 


with 


of lysis, and f sporidia were dificult to isolate. 
The majority of the latter were also -olopatho- 
genic. Some of the fe isolates were not solopatho- 


the 


genic, and mating tests with the original parents 
demonstrated segregation of parental characters for 
pathogenic and sexual compatibility. Apparent 
segregation and recombination of parental charac- 
ters for cell type and pigmentation were also ob- 
served. Similar segregation of characters for com- 
patibility. cell type and pigmentation were also 


induced by alpha irradiation of sporidia of the 
original solopathogenic lines. Thus. the behavior 
of solopathogens from interspecific crosses of 


Sphacelotheca spp. resembled that of such lines 
of Ustilago maydis (DC) Cda. 


Solopathogenic lines have been isolated and exten- 


sively studied in the common corn smut fungus, LU sti- 
lago maydis Cda., where they are encountered among 
the monosporidial isolates from germinating chlamydo- 
spores of certain crosses of compatible lines (2. 5). 
Such lines. 


which, when inoculated singly into a host, are patho- 


solopathogenic lines are monosporidial 
genic and produce galls with viable chlamydospores. 
Solopathogenic lines are considered to be diploid since 
detailed that 
for various cultural (3) and sexual compatibility char- 
(1, 3. 13) of the original haploid parents can 
occur during germination of the f, 
Indeed, the major evidence for the diploid nature of 
solopathogenic lines rests on the inheritance of such 
characters, failed to 
define the chromosomal complement although demon- 


studies have demonstrated segregation 


acters 
chlamy dospores. 


since cytological studies have 


strating these lines to be uninucleate ( 


As far as the authors are aware, solopathogenic 
lines have not been shown to occur in other species 


of smuts. Laskaris (8). during studies of a heritable 


lysis of the promycelia in certain intraspecific crosses 
(Lk.) Clint.. tested 322 


of Sphac elotheca sorghi 2? mono- 
sporidial lines from these crosses for solopathogenicity, 
since the 2 U, 


maydis. Only 1 line was solopathogenic and produced 


characters are usually associted in 


sori when inoculated singly into sorghum. However. 
the line was not pathogenic in later tests. and he 

1 Accepted for publication May 6, 1958. 
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sociate, and Professor and Assistant Director, Agricultural 
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The designation 


adopted by previous workers 


used in this paper Is that which was 


14), 


1O4 


concluded that promycelial lysis was not associated 
Vahee- 


single 


with solopathogenicity in this smut species. 
duddin (16) inoculated 38 
monosporidial lines of Sphacelotheca cruenta (Kuehn) 
Potter and found 2 that produced sori. Of 10 mono- 
sporidial subisolates from 1 of the original lines. only 
when Hence 
he was unable to determine if the original isolate was 


sorghum with 


were pathogenic inoculated singly. 


a mixture of 2 haploid lines or either a dikaryon or 
diploid that subsequently dissociated. 
Successful interspecific hybridization for S. 
S. reiliana was reported by Tyler and Shumway 
3. \ aheedud- 


sorghi 
(15). and for S. cruenta reiliana by 
din (16). Both authors 
originally collected from sorghum, and reported ab- 


used isolates of reiliana 
normalities in the germination of the chlamydospores 
of the hybrid. Vaheeduddin (16) found regular seg- 
regation for compatibility and cultural characteristics 
in the monosporidial progenies of the hybrid chlamy- 
dospores. 


Rowell (11) attempted to put characters for patho- 


genicity and sexual compatibility of S. sorghi, S. 
cruenta, and S. reiliana on a factorial basis. During 


he found that aberrant) monosporidial 


lines were predominant among the progenies of inter- 


these studies 
specific crosses of either of the first 2 species with 
the corn strain of S. reiliana. Typically the isolates in- 
fected the host (either corn or sorghum). and some 
produced mature sori with chlamydospores. The vigor 
of the infection and the frequency of sorus formation 
he with 
tester lines representing the various sexual and patho- 
types of the 
the aberrant 
to have various degrees of solopathogenic vigor. Three 


could not increased by mating these lines 


genic compatibility original parental 


species. Therefore. lines were believed 
of these lines with vigorous solopathogenicity in corn 
and sorghum were selected for inheritance studies to 
determine if parental characters could be recovered, 
as in the solopathogens of U. mavydis. 

MATERIALS METHODS, 
of the present study, designated by the system in use 
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Tasie 1.—Schematic outline of the experimental procedure 


used to study the 3 solopathogenic lines 


Solopathogen from hybrids 
of S. reiliana and S. sorghi or S. cruenta 


Grown in potato sucrose broth as shake culture 


Exposed to alpha _ir- 
radiation from a_ po- 


Tom Thumb popcorn 
inoculated with broth 


culture of line using lonium 210 source on 
partial-vacuum method nutrient agar 
Sori formed on infected Colonies of surviving 
plants cells transferred from 
{ the agar surface to 
Monosporidial progeny broth shake culture 


obtained from Chlamy- 


dospores isolated from Progenies representing 


a sorus diverse cultural types 
isolated from dilution 
| plates 
Monosporidial progeny 
tested for pathogenici- ‘ 


\Progenies tested for 
lpathogenicity and com- 
patibility 
Cultural characteristics 
of the monosporidial Cultural characteristics 
progeny studied of progenies studied 


ty and compatibility in 
vitro and in vivo 


University of Minnesota (14), were as follows: 888Fa 
and 889Da, both from separate crosses of S. sorghi 
line SsBa and S. reiliana line CrBa: and 889Qa, from 
a cross between S. cruenta line ScCb and S. reiliana 
line CrBa. The parental lines of these crosses were 
isolated from wild collections as follows: CrBa—S. 
reiliana on corn, collected by Dr. E. Vaughan, Cor- 
vallis, Oregon, 1952; SsBa—sS. sorghi on sorghum, 
collected by Dr. R. W. Leukel, Beltsville, Maryland, 
1950; ScCb—S. cruenta on sorghum, collected by Dr. 
R. W. Leukel. Beltsville. Maryland, 1950. 

All lines studied herein were monosporidial isolates 
made by the method of Dickinson (4) and Hanna (7). 
During initial tests of the segregants of the original 
cross, sori and chlamydospores were obtained from 
these lines when inoculated singly into sorghum or 
corn (11). A second series of monosporidial sub- 
isolates were made of these lines, and they also pro- 
duced sori and chlamydospores by themselves in 
inoculated corn. Thus, the observed behavior could 
not be due to mixtures of compatible lines. 

Pathogenicity and sexual compatibility were deter- 
mined by inoculating germinating seed of Tom Thumb 
popeorn, by the partial-vacuum method (12), with 
inoculum from shake cultures of the lines in potato- 
sucrose broth (150 g sucrose, 0.5 g yeast extract, and 
an infusion of 300 g of potatoes per liter). Three 
pots containing 5 plants each were observed in each 
test for pathogenicity and the production of mature 
sori and chlamydospores. Parallel tests of sexual 
compatibility were made in vitro by observing the 
production of the characteristic “infection” hyphae 
produced by pathogenic and sexually compatible 
matings on corn coleoptile extract agar (9). These 
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results confirmed those of the in vivo tests. Cultural 
characteristics of the lines were observed on triplicate 
flasks containing potato-dextrose agar (1.5 per cent 
dextrose, 2 per cent agar, 0.5 g yeast extract, and an 
infusion of 300 g potatoes per liter). On this medium 
the cultural characteristics of the parental colonies 
were distinctly different. 

Irradiation of sporidia of solopathogenic lines of 
U. maydis with alpha particles from polonium 210 
was demonstrated by Rowell (10) to result in segre- 
gation and a recombination of the factors for sexual 
compatibility similar to that recovered from germi- 
nating chlamydospores of the same line. This method 
was used in the present investigation to determine 
if the 3 lines under study behave similarly. The vari- 
ous procedures by which the solopathogens were 
studied are outlined in Table 1. 

Behavior of monosporidial lines from chlamydo- 
spores of the solopathogenic lines——Chlamydospores 
produced by solopathogens of U. maydis differ from 
those from a cross between normal compatible lines 
in that germination is frequently abnormal, with a 
high percentage of promycelial lysis or with a typical 
promycelial development and incomplete sets of pri- 
mary sporidia (1). Some of the primary sporidia iso- 
lated from these germinating chlamydospores were 
solopathogens, but others were recovered that behaved 
as haploid lines. Among the latter, segregation and 
recombination of factors for pathogenic and sexual 
compatibility, as well as cultural characters, have been 
demonstrated (3, 13). The abnormal characteristics 
of promycelial lysis and atypical promycelia with 
incomplete sets of sporidia were observed during 
germination of chlamydospores of the 3 solopathogenic 
lines of the present study. For example, in line 890Qa, 
only 56 of 196 isolated chlamydospores germinated, 
30 with degenerate promycelia that lysed in 24 hours, 
19 with a multicellular promycelium that failed to 
produce sporidia, and 7 from which only 20 sporidial 
lines were isolated. Germinating chlamydospores from 
lines 888F1 and 889Da behaved similarly. 

The monosporidial isolates obtained from the 
chlamydospores of the 3 solopathogenic lines were 
tested for solopathogenicity and for pathogenic and 
sexual compatibility in combination with the 2 parental 
lines—in vivo by inoculating Tom Thumb popcorn, 
and in vitro by observations of mating behavior on 
corn coleoptile extract agar. Results were identical 
by the 2 methods (Table 2). Segregation for parental 


Tasie 2...Summary of pathogenic and sexual compatibility 
characteristics of monosporidial progenies from 
germinated chlamydospores of 3 solopathogens de- 
rived from interspecific crosses of Sphacelotheca spp. 

Number of monosporidial lines 
compatible with original parents 


Parental S.reiliana S.cruenta S.sorghi 


line Solopathogenic CrBa ScCb SsBb 
8900a 6 7 7 ee: 
889Da 12 2 —- 0 
0 ~ 0 


888F 1 20 
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mating behavior was greatest among the progeny lines 


derived from chlamydospores of line 890Qa. Segre- 


gation of the mating reaction of both the S. cruenta 
and S. reiliana parent occurred among the progenies 


of 2 separate chlamydospore (A, B, 2:2) tom 
this solopathogeni« line. and the remaining progenies 
of single chlamydospores were all similar to each other 
(C had 3 isolates, all of S. cruenta type: D had 4 
isolates. all of S. reiliana type). Only the S. sorghi 
mating types were recovered among the isolates of 
889Da. and all of the isolates from 888FI were solo- 
pathogenic. 

The cell and colony types of the 2 parents for each 
of the solopathogens were most distinctive on potato- 
dextrose agar supplemented with yeast extract (Fig. 
1). Line CrBa of S. reiliana produced small. ovate 
sporidia and very black colonies. Both line SeCh of 
S. cruenta and SsBb of S. sorghi had a mycelial-type 


growth. and the colonies were cream colored. The 3 


solopathogens were all of the latter culture type. A 
comparison of the combinations of these 2) charac- 
teristics in the cultures of the various lines isolated 


from the chlamydospores of the 3 solopathogenic lines 
is listed in Table 3. Both the cell and cultural types 
of the 2 parents of the original solopathogenic line 
were recovered among the monosporidial isolates from 
the chlamydospores of the solopathogen. either in 
combinations resembling the original parents or in 
various recombinations. Although many of the ap- 
parent segregants cultural characters had not 
segregated for pathogenic and sexual compatibility. 
i.e. were still solopathogenic. it seems doubtful that 
mutation could account for this rate of change in 
cultural characters 


Fic. 1.-Parents Sphacelotheca reiliana (A) and S. sorghi 
(B), which, when crossed, gave rise to solopathogenic line 
888F1 (D). Culture C is a mutant that arose after passing 
the solopathogen through corn. 


Tasie 3..Summary of apparent segregation and recombina- 
tion in 2 cultural characteristics observed among 
monosporidial progenies isolated from germinated 


chlamydospores of 3 solopathogens derived from in. 
terspecific crosses of Sphac elotheca spp. 


Number of monosporidial lines 


Parental Sporidial: Mycelial: Sporidial: Mycelial: 


line black * cream ” cream black Other 
89008 0 12 2 2 
889Da 3 10 0 0 1 
888k | 9 l 5 0 


‘Cultural pattern of line CrBa, the S. rei/iana parent, 

"Cultural pattern of lines SsBb and SeChb (respectively, 
the S. sorghi and S. cruenta parent lines) as well as of the 
3 solopathogens, 890Qa, 889Da, and 888F 1. 


That cultural and compatibility factors are inde- 
pendent of each other was indicated by the fact that 
none of the progenies of 890Qa_ with compatibility 
resembling the S. ret/iana parent (line CrBa) resem- 
bled this line in cultural characteristics. Observations 
were also made of the amount of surface growth and 
the frequency of sectoring among the colonies of the 
isolates. All isolates had greater growth than line 
CrBa of S. reiliana, the parent common to all 3 of 
the original solopathogens, which grew less than either 
SsBb or SeCb, and this character could not be evalu- 
ated for segregation patterns. Furthermore. most of 
the isolates sectored more freely than the original 
parents of the solopathogens from which they were 
derived. 

Behavior of monosporidial lines derived from irradi- 
ated sporidia of the solopathogens._-Sporidia from 
each of the 3 solopathogenic lines were irradiated by 
alpha radiation by the method used by Rowell (10) 
with solopathogens of U. maydis. The micro-colonies 
produced by surviving sporidia after 24 hours of 
growth were examined microscopically for morpho- 
logically abnormal cellular growth. and these were 
transferred to potato-dextrose broth. After 24-48 
hours’ growth in shake culture, dilution samples were 
plated on potato-dextrose agar. Representatives of 
the various cultural and morphological colony types 
appearing on these plates were isolated for further 
study. The isolates found to be solopathogenic when 
inoculated into corn were discarded. and re- 
mainder were tested for compatibility with original 
parental lines, as described in the preceding section 


Taste 4... Summary of pathogenic and sexual compatibility 
characteristics of monosporidial isolates from sporidia 
exposed to the alpha radiation of polonium 210 of 3 
solopathogenic lines derived trom interspecific crosses 
of Sphacelotheca spp. 

Number of monosporidial iso- 
lates compatible with original 
parents 


Parental S.reiliana S.cruenta  S. sorghi 
line Solopathogenic CrBa ScCb SsBb 
8900a 26 3 
889Da 28 2 0 
888F 1 16 } - 0 
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Tasieé 5. Summary of combinations in 2 cultural charac- 
ters observed among the monosporidial isolates from 
sporidia exposed to the alpha radiation of polonium 
210 of 3 solopathogenic lines derived from inter- 
specthe crosses of Sphacelothec a spp. 


Number of monosporidial lines 


Parental Sporidial: Mycelial: Sporidial: Mycelial: 


line black * cream ” cream black Other 
89004 } 2¢ 2 5 
889Da 18 0 } ] 
888F 1 13 0 } 0 0 


* Cultural type of line CrBa, the S. rei/iana parent. 

Cultural type of lines SsBb and ScCb (respectively, the 
S. sorghi and the S. cruenta parents) as well as of the 3 
solopathogens, 890Qa, 889Da, and 888F1. 
(Table 4). Again, segregants in mating type of both 
the S. reiliana and S. cruenta original parent were 
recovered among the isolates from 890Qa. whereas 
only the mating type of the S. sorghi parent was re- 
covered in isolates from the remaining 2 solopathogens. 

The combinations of characters for cell type and 
colony pigmentation on potato-dextrose agar (Table 
5) found among these isolates from irradiated sporidia 
resembled those encountered from monosporidial iso- 
lates from germinating chlamydospores. The isolates 
sectored more freely than the parental lines. However, 
the extent of radial growth for the majority of these 
isolates was less than that obtained by CrBa. the 
smaller of the 2 parents in the original cross. 
The results illustrate that the aberrant 
lines from interspecific crosses between lines of either 


Discussion. 


S. sorghi or S. cruenta and a line of S. reiliana behave 
Actually, the 
behavior is more extreme than in solopathogens of 


like the solopathogens of U. maydis. 


the latter species. for lvsis and degenerate promycelia 
were more frequent. Considerable difficulty was en- 
countered in isolating viable sporidial progenies, and 
the majority of the progenies isolated from germinat- 
ing chlamydospores were also solopathogenic. How- 
ever. clearly defined segregation for the mating types 
of the 2 parents occurred among the non-solopatho- 
genic progenies from chlamydospores of line 890Qa, 
and also in progenies obtained by alpha-particle irra- 
diation of the sporidia of this line. Furthermore, defi- 
nite combinations of the parental characters for cell 
type and pigmentation existed among the progenies, 
which suggests segregation and recombination of these 
characters. Many of the progenies with apparent 
segregation and recombination in parental cultural 
characters were solopathogenic, a condition that could 
be accounted for by partial segregation, resulting in 
offspring that were partial diploids. Partial diploids 
for the factors governing sexual compatibility have 
been shown to exist in U. maydis (13). 

The solopathogens recovered from the interspecific 
crosses of smut fungi studied presumably result from 
abnormal compatibility relationships between nuclear 
components of the 2 species. The genetic abnormality 
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does not result in sterile progenies, as often encoun- 
tered in interspecific crosses with other animal or 
plant species, but rather in a solopathogenic condition 
that resembles homothallism in many respects. Ap- 
parently the genetic condition is not relieved in the 
f. generation, since chlamydospores produced by a 
backeross to S. reiliana line CrBa of 1 of the segre- 
gants in the SsBb mating type from line 889Qa ger- 
minated in the same manner as the original cross, 
and only solopathogenic progenies were recovered 
from the cross. The existence of the mechanisms 
resulting in the production of solopathogens in inter- 
specific crosses of Sphacelotheca spp. and in intra- 
specific crosses of Ul). maydis suggests the evolutionary 
origin of the latter species by hybridization between 
2 pre-existing smut species. 
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FUSARIUM LATERITIUM F. CICERI, INCITANT OF FUSARIUM WILT OF 
CICER ARIETINUM ! 


Donald C. Erwin * 


SUMMARY 


{ new name. Fusarium lateritium Nees emend. 
Snyd. & Hans. f. ciceri (Padwick) n.f., is proposed 
for the incitant of Fusarium wilt of Cicer arietinum 
L. (garbanzo bean). The fungus was isolated and 
its pathogenicity proved in greenhouse tests. Four 
selections of garbanzo bean were resistant to Fusar- 
ium wilt in greenhouse tests. Plants affected with 


Fusarium wilt show a gray-green fading of leaves 
and a dark-brown discoloration of the xylem tis- 
sue of the stems. In contrast, plants affected by a 
virus-induced yellows disease show  bright-vellow 
leaves and a dark-brown discoloration of the phloem 
tissue in the stems. 


Cicer arietinum L., commonly known as garbanzo 
bean, chickpea, or gram, is an edible crop grown in 
the United States, mainly in the south-coastal areas of 
California. Ordinarily planted in April on unirrigated 
land, it is harvested in July or August (21). For sev- 
eral years, a disease characterized by yellowing and 
ultimate wilting of plants has appeared in fields of 
this crop. in the San Pedro Hills of Los Angeles 
County. Since there was no report of Fusarium wilt 
on garbanzo bean in the United States, an investiga- 
tion was undertaken. 

This paper reports the occurrence and determination 
of the incitant of Fusarium wilt of the garbanzo bean. 
Also presented are results of pathogenicity tests, a 
comparison of symptoms of the disease with those of 
a virus-induced yellows disease (22), and the deter- 
mination of resistance of some garbanzo bean varieties 
to the incitant, Fusarium lateritium Nees emend. Snyd. 
& Hans. f. ciceri (Padwick) n.f. An abstract of some 
of the results has been published (6). 

REVIEW OF LITERATURE.—A wilt disease of the gar- 
banzo bean was reported in India as early as 1910 
(3), and was noted in Burma in 1923 (9). Several 
workers (5, 10, 11, 20) were unable to prove that 
the Fusarium sp. associated with the wilt was the 
cause. Narashimhan (14), in 1929, produced experi- 
mental evidence that an associated Fusarium sp. was 
the incitant of wilt of garbanzo bean. According to 
his report, this Fusarium sp. was not pathogenic to 
Gossypium hirsutum L., G. indicum Tod., G. herba- 
ceum L., Cajanus indicus Spreng., Crotalaria juncea 
L., Sesamum indicum L., or Hibiscus cannabinas L. 

McRae (10) was at first unable to produce wilt 
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of garbanzo bean by inoculation with an as-ociated 
Fusarium sp., but later produced wilt by growing 
plants in naturally infested soil (11). His brief report 
(12) in 1929, showing that Fusarium sp. was the cause 
of the wilt, was followed in 1932 by experimental 
data giving evidence that a wilt disease of garbanzo 
seedlings was incited by a Fusarium sp. More infee- 
tions occurred at 24-27° than at 18-20°C (13 

Padwick and Bhagwagar (17) observed that the 
incidence of wilt in a field decreased when planting 
was delayed until the cooler weather of October, 
Additional experimental evidence exists of the patho. 
genicity of Fusarium to garbanzo bean (1. 19). Prasad 
and Padwick (19) separated 300 Fusarium isolates 
into 3 types: 1) nonpathogenic, 2) wilt-producing, 
and 3) seed-rotting types. Colonies of all were white. 
Padwick (15) later identified the causal agent of 
Fusarium wilt as Fusarium orthoceras App. & Wollr, 
var. ciceri Padw. 

In India several varieties of garbanzo beans have 
been reported to be resistant to Fusarium wilt (2, 
1, 18). 

Several other diseases might be confused with Fu- 
sarium wilt. A foot rot that causes wilting of tip 
leaves is incited by Operculella padwickii Khe-w. (8). 
Snyder, Paulus, and Gold (22) showed that a vellows 
disease prevalent in California is caused by vellow 
bean mosaic virus, and possibly other viruses. and 
is characterized by a discoloration of the phloem. yel- 
lowing of leaves. and eventual death of the plant. 
Verticillium wilt (Vertictllium albo-atrum Reinke & 
Berth.) also has been noted in California (6». 

SYMPTOMS OF FUSARIUM WiLt.—In June and July, 
leaves of garbanzo bean plants affected by Fu-arium 
wilt become a gray-green; later they turn to a dull- 
vellow color. Eventually the plants wilt and die. 
Plants are often seen showing a one-sided wilt. \vlem 
tissue of the affected root and stem is usually dark 
brown (nearly black), with the discoloration extend- 
ing into the pithy tissue of the stem. Fusarium wilt 
recurs annually in the same areas in fields. 

Plants affected by the virus-induced vellows disease 
(21) are often distributed at random in the field. but 
in some cases are concentrated near the margins. 
This disease does not necessarily recur in the same 
area year after year. as does Fusarium wilt. The dark- 
brown color of necrotic phloem tissue in the stems or 
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roots ot plants affected by the virus disease is very 
similar to that of the xylem tissue of plants affected by 
Fusarium wilt. On plants in an advanced stage of the 
virus disease the phloem discoloration could be con- 
fused with the xylem discoloration incited by Fusar- 
jum. The contrast in symptoms is shown in Fig. 1. 
Leaves of virus-infected plants become bright yellow, 
in contrast to the gray-green to yellow color of plants 
affected by Fusarium wilt. 

The xylem discoloration associated with Verticil- 
lium wilt of garbanzo bean in inoculation tests was 
a much lighter brown than that associated with Fusar- 
ium wilt. 

IsocatTions.—-In 1954, 1955, and 1956, several col- 
lections were made of plants with xylem discoloration. 
Affected tissue about 3 in. above the root consistently 
vielded Fusarium lateritium. This fungus was white, 
and without pigmentation of the mycelium or of the 
potato-dextrose-agar (PDA) substrate, except for a 
slight pinkish cast to mycelium grown under light. 
Occasional isolates of F. oxysporum that produced 
lavender pigmentation in mycelium and agar were 
later determined to be nonpathogenic to garbanzo 
bean. 

Some fungi (including Fusarium oxysporum and 
other Fusarium spp.) and bacteria were isolated from 
the discolored phloem of plants in an advanced stage 
of the virus-induced yellows disease, but more often 
the discolored tissue was sterile. 


PATHOGENICITY TESTS.-Most of the isolates of the 
test fungi were obtained from a single-spore source 
and, for inoculation tests. were grown on PDA. Except 
where indicated otherwise. inoculum consisted of a 
suspension of spore or of spores and mycelium from 
+-5 Petri dishes of PDA in 800 ml of water. Plants 
were inoculated by several methods, which can be 
arbitrarily differentiated into those that involved the 
wounding of roots and those that did not. In the 
experiments where roots were wounded, roots of 8- 
to 10-day-old seedlings were dipped into a spore or 
mycelial suspension, or inoculum was poured over 
exposed roots of 2- to 3-week-old plants after remov- 
ing the roots and soil mass intact from a 6-in. pot. 
In the experiments where roots were not wounded, 
surface-sterilized seeds (soaked 1 minute in HgCl, 
1:1000) were planted in a 5-in. pot. The soil was 
artificially infested with 100 ml of a spore or mycelium 
suspension placed in a trench 1 in. below the seed, 
or artificially inoculated diseased plants had been 
taken from it. Direct comparisons of inoculation 
methods were not made, but infection occurred readily 
with both methods. 

The tests were conducted in the greenhouse at air 
temperatures of 21-27°C. Soil (a mixture of 5 parts 
sandy loam derived from granite, 3 parts sandy silt, 
and 2 parts peat moss) was steamed 3 hours at 15 
lb. pressure before use. The number of replications 
in each test was 4-8, and adequate checks were in- 
cluded. In some tests, check plants were treated with 
sterilized inoculum, but no adverse effects were noted. 
Plants were removed from the soil 5-6 weeks after 
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Fic. 1. Longitudinal sections of 3 garbanzo bean plants. 
A) Uninoculated healthy plant. B) Plant inoculated with 
Fusarium lateritium {. ciceri (note xylem discoloration). C) 
Plant naturally affected by the virus-induced yellows disease 
(note phloem discoloration). 


inoculation, and the lower stems were examined for 
evidence of xylem discoloration. 

A high percentage of infection by Fusarium lateri- 
tium {. ciceri occurred in all the pathogenicity tests. 
More plants were killed when inoculation was by 
wounding than by not wounding. Of 107 plants inocu- 
lated by wounding, 69 per cent had xylem necrosis 
symptoms of Fusarium wilt, and 29 per cent of the 
107 plants were killed. The 68 uninoculated check 
plants were not diseased. Of 88 plants inoculated but 
not wounded, 80 per cent had xylem necrosis symptoms 
of wilt, but only 2 per cent of the 88 plants were killed. 
The 56 check plants remained healthy. This fungus 
is apparently capable of entering the plant without 
the aid of artificial wounding. The causal fungus was 
re-isolated from the necrotic xylem of stems of af- 
fected plants up to 6 in. above the base. 

Six different isolates obtained from diseased plants 
in several fields during a 3-year period were patho- 
genic when tested in the greenhouse. Fusarium iso- 
lates incited a dark-brown (nearly black) discolora- 
tion of the xylem (Fig. 1) and a change in leaf color 
from green to gray-green, followed by wilting. These 
symptoms were typical of those occurring in the field 
and of those described in India by other workers 
(14, 17). 

Four other legumes—alfalfa (Medicago sativa L.), 
cowpea (Vigna sinensis (L.) Endl.), sunn hemp (Cro- 
talaria juncea), and pigeon pea (Cajanus cajan 
Millsp.)——were not susceptible to the Fusarium iso- 
late from garbanzo following inoculation by dipping 
roots in a spore suspension. 

An isolate of Fusarium orthoceras var. ciceri was 
obtained from India for comparison with isolates from 
California. Although the Indian isolate had been in 
culture many years, it was pathogenic to garbanzo 
bean. It was not as virulent as the more recently iso- 
lated California species. F. lateritium, but the symp- 
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toms on inoculated plants were similar. 

NOMENCLATURE OF THE FUSARIUM WILT PATHOGEN. 
—Conflicting evidence in earlier literature on the 
determination and naming of the fungus inciting the 
wilt of garbanzo bean (5, 10, 19). and the fact that 
saprophytic clones of F. oxysporum (F. orthoceras) 
have been isolated from the stem bases of dead or 
dying plants infected with virus or other disease 
agents, have contributed to confusion in naming the 
pathogen of garbanzo bean wilt. 

The Fusarium pathogen as it appears in California 
belongs to the species F. lateritium Nees emend. 
Snyd. & Hans. This species includes 2 other wilt 
pathogens: 1) F. lateritium f. crotalariae (Padw.) 
Gord. (7) (syn. F. udum Butl. var. crotalariae Padw.) 
(16), which causes the vascular wilt of sunn hemp, 
Crotalaria juncea; and 2) F. lateritium {. cajani 
(Padw.) Gord. | 
Padw.) (16), which causes the vascular wilt of pigeon 


7) (syn. F. udum Butl. var. cajani 
pea, Cajanus cajan (syn. C. indicus). In this study 
neither Crotalaria juncea nor Cajanus cajan was sus- 
ceptible to inoculation with pathogenic F. lateritium 
isolates from garbanzo bean. This indicates that Fu- 
sarium lateritium from garbanzo bean is probably not 
one of the previously described forms. 

In the light of this investigation. the previous iden- 
tification of the wilt Fusarium of garbanzo bean in 
India as F. orthoceras var. ciceri (15) (F. oxysporum) 
(7, 23) is confusing. Since neither Padwick’s fungus 
(15) nor the resistant horticultural varieties reported 
from India (2. 4, 18) were obtainable. this disagree- 
ment in nomenclature cannot be directly resolved. 
However, another garbanzo wilt Fusarium obtained 
from India and considered to be Fusarium orthoceras 
var. ciceri was pathogenic to garbanzo bean in green- 
house tests. This isolate resembled F. lateritium from 
California, both morphologically and culturally. and 
was considered to be the same species. Judging by 
the similarity of the described morphology of Pad- 
wick’s fungus (15) to the California isolate and to 
the isolate from India observed in these studies. it 
appears that F. orthoceras {. ciceri and F. lateritium 
are the same species. 

Since the garbanzo bean pathogen did not infect 
Crotalaria juncea or Cajanus cajan (Cajanus indi- 
cus), as shown in data presented here and elsewhere 
(14), the name Fusarium lateritium Nees emend. 
Snyd. & Hans, f. ciceri (Padwick) n.f. is proposed for 
the fungus pathogenic on Cicer arietinum 1... and in- 
citing a vascular wilt disease. 

RESISTANCE TO FUSARIUM.——Since the most practical 
control of the disease could be accomplished by use 
of a resistant variety, a preliminary search for a source 
of resistance was made. Garbanzo varieties resistant 
to Fusarium wilt have been reported (2. 4, 18). but 
none of these could be obtained for testing in this 
study. In 1954. 3 plants (variety unknown) that 
appeared to be free of the disease were selected from 
an infested field. Seeds from these were harvested and 
labeled E-1. Through the assistance of the U. S. De- 
partment of Agriculture. 3 selections (PI 226943, PI 


TaBLe 1.—Wilt symptoms on plants of several varieties of 
garbanzo bean | month after root inoculation with 
Fusarium lateritium {. ciceri 


Average wilt value 


Variety per plant * 

l. E-l Selection (California) 0.2 

2. PI 226943 (Ethiopia) 0.9 

3. PI 226944 (Ethiopia) 0.9 

1. PI 226045 (Ethiopia) 2.0 

5. PIL 176894 (Selection A) 3.8 

6, 5402 (Smith; commercial type) hd 

7. 5403 (Smith) 1.6 

8. PI 176894 (Selection B) 1.8 

9, PI 177310 19 
‘Graded as follows: 0, no wilt: 1. slight streaking in 

xylem; 2, slight, xylem streaked: 3, xvlem 


streaked; 4, %, to all of xylem discolored; 5, plant dead. 
Statistically, at the 1 per cent level of significance, varieties 


1 4 showed greater resistance than varieties 5 9. 


226944. and PI 226945) were obtained from Ethiopia. 
Other varieties listed in Table 1 were obtained from 
Dr. Francis L. Smith, Department of Agronomy. Uni- 
versity of California, Davis. 

Nine days after planting. roots of 32 plants of each 
variety were removed from the soil and dipped in a 
suspension of mycelium and spores of Fusarium 
lateritium {. cicerit. One month later the plants were 
examined for severity of wilt symptoms. Results are 
shown in Table 1. 

The E-1 selection and the Ethiopian varieties ap- 
peared to possess some resistance. In a later tesi, 
these varieties and 1 susceptible commercial-type  va- 
riety (Smith 5402) were retested by planting seed 
in artificially infested soil. One month later, the per- 
centages of plants with xylem discoloration symptoms 
of Fusarium wilt were as follows: E-1, 0.0; PI 226943, 
3; PI 226944, 5; PI 226945, 27; Smith 5402 (sus- 
ceptible). 60. 

The selection E-1 possessed considerable resistance 
both to the California strain of the fungus and. in 
later tests also, to the isolate from India. The selee- 
tions from Ethiopia, PI 226943. PI 226944. and PI 
220945, were less resistant. but still much more re- 
sistant than the susceptible 5402.) The Ethiepian 
selections possessed finer stems and smaller leaves, 
and were less vigorous than either the E-1] selection 
or the commercial 5402. 

Discussion.-Fusarium wilt has not been previously 
reported on garbanzo in the United States. This 
disease has been identified only in the San Pedro 
Hills, in Los Angeles County, California. 

The symptoms of the virus-induced yellows disease 
(22)—-darkening of the phloem tissue. yellowing. and 
stunting of the plants—might be confused with those 
of Fusarium wilt. The comparison of the phloem dis- 
coloration associated with yellows and the xylem dis- 
coloration associated with Fusarium wilt. given  pre- 
viously in this paper, should serve to separate the 2 
diseases by symptoms. 

Varietal resistance should be a logical method of 
control of Fusarium wilt. Dastur (4) reported the 
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Poona. Cawnpori, and “deshi variety, locally ob- 
tained” to be resistant, whereas Red Gram (selected 
from Karachi) and Local 28 were very susceptible. 
According to Plymen (18), progeny of wilt-resistant 
Cawnpori crossed with Local 28 yielded well. He 
noted that Cawnpori and Karachi were resistant in 
1932-1933. Avyar and Iyer (2) showed data from 
a cross involving No. 19 (susceptible) and No. 468 
(resistant). which indicated that resistance may be 
governed by a single set of factors. Roots of the re- 
sistant variety 468 possessed a thicker layer of suberin 
than the susceptible No. 19. In California the selec- 
tion of the resistant E-] variety adds to the supply of 
resistant material. 

The fungus that incited wilt of garbanzo bean in 
this study belongs to the species Fusarium lateritium. 
Since the Indian Fusarium that was tested was very 
similar to the California fungus culturally, morpho- 
logically. and pathogenically, and since the described 
morphology of F. orthoceras var. ciceri (15) from 
India was similar to that of the California isolates, 
proposal of a new forma specialis name, F. lateritium 
f. ciceri, appeared necessary. 

DEPARTMENT OF PLANT PaTHOLocy 
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STATION 
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THE WATER-SOAK METHOD OF PLANT DISEASE CONTROL IN RELATION 
TO MICROBIAL ACTIVITIES. OXYGEN SUPPLY, AND FOOD AVAILABILITY ! 


S. S. anoft 


stUMMARY 


Control of seed rots of unshelled peanuts 
(caused by species of Fusarium, Penicillium, Rhiz- 
opus, Aspergillus, Rhizoctonia, and Sclerotium) 
and of oat seedling blight fungus Helminthospor- 
ium sativum by the water-soak method was investi- 
gated with particular emphasis on factors contribu- 
ting to its effectiveness in each case studied, such 
as microbial activities in the soak medium, oxygen 
supply, and nutrient availability. 

With peanuts, diffusion of nutrients resulted in 
significant loss of sugars and other soluble sub- 
stances; consequently, the shells became a poor sub- 
stratum for the growth of fungi that later would 
penetrate and kill the kernels. No significant role 
was attributed to microorganisms that grew in the 
liquid medium during the first 24 hours of soaking, 
since equal fungus control was achieved by run- 
ning or standing water. Oxygen is available in the 
spongy shell and in the spaces between shells and 
kernels. Control is considered fungistatic. 

With oat seedling blight, on the other hand. 
deficiency of oxygen and, to some extent, food sup- 
ply, seemed to play the principal role in fungus 


control, Standing water gave better control than 
running water, probably because the latter sup- 
plied some oxygen that enabled the parasites to 
survive. 

Still better control was achieved by soaking seeds 
in sea water and in 2.5-5.0 per cent NaCl solutions 
for periods up to 36 hours. 

The importance of each factor varied with the 
kind of seeds and pathogens involved. Conse- 
quently, no single mechanism was found equally 
operative in every case studied, and not all details 
of evidence in these and other studies need to be 
considered a part of one mechanism. 

Water-soaking served to indicate degree of vi- 
tality of an oat seed sample. Soaking did not 
significantly affect germination of healthy seed of 
high vigor, but reduced germination of other seed 
lots, the extent depending on degree of devitaliza- 
tion and disease infection, length of soaking, and 
type of soaking—-whether in running or standing 
water. Running water diminished these effects 
somewhat, whereas salt water intensified them. 


Soaking seeds before planting is an ancient prac- 
tice to secure better stands; soaking wheat in sea 
water to control bunt (Til/etia spp.) was accidentally 
discovered 3 centuries ago (20). Many studies have 
been made on the effects of soaking seeds in plain 
water at ordinary temperatures. Some _ investigators 
reported beneficial effects, others harmful, depending 
on the kind of seeds employed. Soaking has been 
observed to speed germination (5). break dormancy 


(19), and increase field stands in general, including 
those of peanuts (1, 16). Soaking injury to seeds of 
Phaseolus has also been studied (6, 12, 18). However. 
until recently, little attention has been given to a 
major aspect of water soaking: the role of plant 
pathogens and pathological processes that take place 
in the biological system within the soak medium. 
The writer compared the growth of various fungus 
pathogens and the seed infection and decay manifested 
by water-soaked vs. unsoaked, unshelled peanuts under 
controlled conditions in the laboratory, These studies 
were followed by field tests (9). Other investigators, 
beginning with Tyner (22. 2 
loose’ smut of barley and wheat, and of various other 


reported control of 


seed-borne diseases and pathogens. by soaking the 
seeds in water (2, 3, 4, 7, 11, 17, 21, 26). Some 
workers offered explanations as to why a significant 
degree of disease control is achieved by this method. 
or by modifications of it such as combining short soak- 
ing periods with long anaerobic treatments in air-tight 

1 Accepted for publication May 6, 1958. 

Journal paper (New Series) No. 723, Mississippi Agricul 
tural Experiment Station, State College, Mississippi. 


containers (8, 10, 13, 14, 15, 24, 27). 

The following report presents: 1) additional infor- 
mation on the prevention of certain seed rots of pea- 
nuts by a standardized method; 2) a study of the 
relative importance of certain factors involved in this 
method; and 3) the extent of control achieved against 
seedling blight of oats (incited by Helminthosporium 
sativum Pam.. King & Bakke) by soaking infested 
seeds in tap water, sea water, and solutions of sodium 
chloride. A brief account is given of water-soaking 
as an indication of seed vitality. Part of this informa- 
tion has been published in abstract form (9, 10). 

EARLY EXPERIMENTS WITH SOAKED PEANUTS.“—In 
early spring of 1942, encouraged by favorable prices, 
many growers in South Texas planted peanuts. Seed 
of good quality (shelled, Arasan-treated, and recom- 
mended as best for planting) was difficult to obtain; 
consequently, most fields were seeded with unshelled 
nuts of any quality. Very poor stands commonly re- 
sulted, 

It was necessary to find easy methods of increasing 
germination of unshelled peanuts, such as soaking in 
certain readily obtainable and inexpensive fungicides. 
\s a standardized procedure, hulled Spanish peanuts, 
soaked 20 hours in fungicide (about 1:10 by weight) 
at 25°C, were incubated and germinated in Petri 
dishes lined with wet filter paper in the laboratory. 
Two kinds of checks were provided: untreated pea- 
nuts, and peanuts soaked in tap water. The dry, un- 

- These early experiments were conducted while the 


writer was on the staff of the Texas Agricultural Experi- 
ment Station, Sub-Station 19, Winter Haven. 


502 


Se 


sh 
pl. 
‘ | 
in 
so. 
Vi 
] tr 
hye 
al 
lo 
na 
ge 
on 
‘ in 
| id 
| oy 
by 
‘ qi 
ey 
3 
" 
th 
Ww 
as 
2 
" 
F 


September, 1958 | 


Fic. 1. Control of fungus growth and kernel rots in un- 
shelled peanuts by water-soaking. Left: peanuts soaked in 
plain water for 24 hours at room temperature and incubated 
in Petri dishes for 4 days. Right: unshelled peanuts not 
soaked (check). Note excessive fungus growth on checks. 
Various pathogenic fungi penetrate the shells and infect the 
kernels inside. 


treated peanuts under the humid conditions quickly 
hecame heavily covered with various kinds of fungi, 
and the germination percentage at 10 days was very 
low. In contrast, most of the chemically treated lots 
were relatively free from fungi and showed high germi- 
nation, as expected, except for injury or slowing of 
germination caused by the chemicals. Fungi that grew 
on the shells of the untreated peanuts, later penetrat- 
ing shell cavities and attacking the kernels, were 
identified as species of Fusarium, Penicillium, Rhiz- 
opus, Aspergillus, Rhizoctonia, and Sclerotium (S. 
bataticola and S, rolfsii), in about that order of fre- 
quency. In certain seed lots Phymatotrichum omni- 
vorum (Shear) Duggar was encountered to some 
extent. 

The outstanding and unexpected development in 
these tests was that the peanut lots soaked in tap 
water were relatively free of fungi and germinated 
as well as some of the chemically treated lots, or 
better (Fig. 1 and Table 1, 2).* 


' Unless otherwise stated, all tabular data are based on 
3 or more replicated trials, 
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In determining the extent of fungus incidence on 
the shells, attention was given to percentage of pods 
affected and size of fungus colony. Only colonies 
visible to the naked eye were recorded. Closer exami- 
nation of the shells of water-soaked peanuts often re- 
vealed the presence of living fungus hyphae, of a 
growth that remained secant for a long time. Fungus 
control by the water-soak method appeared fungistatic 
rather than fungicidal. 

The following tests were therefore aimed at dis- 
covering and evaluating some of the factors underly- 
ing this phenomenon. The chief factors considered 
were microbial activities, oxygen supply, and nutrient 
availability in the soak liquid. 

Antibiotic’ and antibiotic-like influences.—The pos- 
sibility of antibiotic and “antibiotic-like” influences 
was investigated because the water in which peanuts 
had soaked always became clouded with microorgan- 
isms. It was thought that these microorganisms might 
influence the growth of fungi on or in the pods, either 
through competitive exhaustion of oxygen and food 
supply or by a toxic action of their metabolic prod- 
ucts. A yellow bacterial species often seemed pre- 
dominant in the soak liquid, but its antibiotic effects 
were found to be either slight or undetectable against 
the several fungi tested. 

Peanuts were also soaked in running water. This 
minimized accumulation of free-living microorganisms 
within the medium and, consequently, their possible 
antibiotic or other influence. The effects of 20-24 
hours of soaking in running or standing water showed 
no statistically significant differences on fungus control 
in 10 trials. These tests demonstrated that a consider- 
able degree of fungistasis was achieved within the 
time employed without the influence of microorgan- 


4 The term antibiotic is used in this paper as generally 
defined by Waksman (25). In these studies it is applied 
specifically to the chemical substances that may be _ pro- 
duced by microorganisms in the soak liquid (including 
phytopathogenic and non-phytopathogenic bacteria and 
fungi) and that have the capacity to inhibit directly, by 
selective action, the growth of fungus and other parasites. 
Not included in the definition are “antibiotic-like” chemical 
substances that may be produced by host cells. Also not in- 
cluded are indirect effects exerted by living systems operat- 
ing in the soak liquid upon parasites, such as inhibition of 
their growth through exhaustion or subtraction of oxygen, 
food supply, ete. 


Paste 1. Effect of water-soaking unshelled peanuts on fungus control, germination, and emergence 


Treatment 


Laboratory trials in moist chambers 


Soaked 24 hours in water (in hull) 


Not soaked (in hull) 
Field trials 


Soaked 24 hours in water (in hull) 


Not soaked (in hull) 
Checks 


Dusted with Arasan and Spergon (hulled) 
Not dusted with fungicides (hulled) 


No. of % with Typical % 
pods fungus growth germination 
761 52 Trace to slight. 66 
382 96 Moderate to profuse. 35 
800 62 
800 44 
500 66 
500 61 
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TABLE 2.—Effect of water soaking and other treatments ot 
unshelled peanuts on stand in the field 


Percentage of stand 


7 days 16 davs 
ifter alter 
Treatment planting planting 
Soaked in water 7 77 
Soaked in Semesan (1-400) ) 19 
Soaked in Spergon (& Vatsol K) 
(1:100) 8 79 
Soaked mercuri chloride 
(1:750) 73 
Not soaked (check) 
Dusted with Semesan 0) 60 
Dusted with Spergon 


isms in the water. 

In later trials peanuts were soaked 24 hours in water 
in which other peanuts had previously soaked 24 
hours or longer. At the start this “old” water was 
heavily clouded with various microorganisms from the 
previous soaking. The fungistatic action of the “old” 
water was superior to that of the fresh water (Table 
3). It may be concluded. therefore. that some anti- 
biotic and/or “antibiotic-like” action may be involved 
in the control of the fungus growth after prolonged 
soaking. The manner in which the inhibitory effects 
were exerted (whether through exhaustion of oxygen 
or by accumulation of toxic substances, ete.) was 
not investigated. However. the total microbial influ- 
ences seemed not to play a dominant role. 

Oxygen supply.Uniform lots of unshelled peanuts 
were soaked 20 hours during which the water was 
1) constantly aerated, 2) exhausted of air by suction. 
or 3) left undisturbed. Peanuts that had been soaked 
in water that received constant suction developed. sig- 
nificantly more fungus growth on the pods, and germi- 
nation was greatly decreased by seed rotting. Only 
slight differences in fungus growth and germination 
were observed between aerated and non-aerated lots 
The greatest’ bacterial turbidity developed in the 
aerated water. followed by water to which suction was 
applied (Table 4). There were indications that dif. 
ferent types of bacteria predominated in each treat- 
ment. For example, the suction treatments particu- 
larly favored a slimy bacterial growth upon the ex 
panded shells after the swollen kernels had filled the 
cavities. This was nearly absent in the other treat 
ments. The thick, slimy film may have prevented 
oxygen from reaching the seed. hindering respiration 
The seed rotting. however. seemed to have been 
caused by the combined action of fungi and bacteria 
under restricted oxygen supply 

{vailability of food supply.\t was found that pea- 
nut shells, besides containing various soluble salts 
and other substances, also contained 1.10 per cent 
sugars (0.78 per cent reducing and 0.32 per cent 


cane, dry-wt. basis).” Soaking shells in water 24 


* Acknowledgment for these determinations is made. to 
Dr. O. A. Leonard, Plant Physiologist. formerly of this De 
partment. 


hours at room temperature removed most of the 
sugars (about 85 per cent) and other soluble sub. 
stances. These substances alone constituted a good 
medium for various microorganisms to grow in. Fur- 
thermore, tests showed that after soaking the shells 
alone (without the kernels and the thin. papery 
seed coats). they became a poor substratum for the 
growth of fungi. Even 1 minute of washing and 
rinsing noticeably reduced the amount of fungus 
growth. 

It was interesting to find out what effects the re- 
plenishment of nutrients to shells impoverished by 
soaking would have on infection and seed vermina- 
tion, Unshelled peanuts, and shells alone. were soaked 
24 hours in running water at room temperature. dried, 
and again soaked 24 hours, but this time in a synthetic 
nutrient solution containing 2.0 per cent dextrose. 1,0 
per cent potassium nitrate, 0.5 per cent potassium 
monobasic phosphate, 0.2. per cent magnesium sul- 
phate, and a trace of ferric chloride. When incubated 
after soaking in nutrient solution a luxurious growth of 
fungi developed on a great majority of the shells. 
This growth was more abundant than that obtained 
on peanuts not previously deprived of their nutrients 
by seaking. Furthermore. compared with water-soaked 
cheeks, the nutrient-soaked peanuts exhibited very 
low germination and a high incidence of seed rotting 
and yielded a very low percentage of healthy seedlings. 
The microbal turbidity of the liquid medium was very 
great (Table 5). Subsequent nutrient-soak tests indi- 
cated that the excessive fungus growth and subsequent 
seed decay were promoted chiefly by the dextrose 
content, 

Another aspect of the nutritional factor water 
soaking is the difference noted in degree of infection 
and turbidity between shells in) direct contact with 
germinating kernels and shells alone. Fungus growth 
eceurred more frequently on shells with kernels than 
on shells from which the kernels had been removed 
before soaking. In the standard procedure. when 
kernels and shells swell, they are in close physical 
contact. Some diffusion of nutrients from the swollen 
kernels to the turgid shells presumably takes place, 
which may account for the differences in fungus 
growth observed. 

In all cases the rate of diffusion of nutrients and 
other substances from the peanuts into the water 
was correlated, as expected, with the temperature. 

From the peanut studies it may be concluded that 
starvation and—probably to a lesser extent—defi- 
ciency of oxygen are the chief factors contributing 
to the fungistatic control achieved. 

EXPERIMENTS WITH OATs._Control of Helmintho- 
sportum seedling blight of oats.—Oat seeds naturally 
infected with H. sativum were soaked 20 hours at 
room temperature in 1) standing tap water. 2) run- 
ning tap water, 3) 2.5 per cent sodium chloride solu- 
tion, or 4) sea water," rinsed with water, and placed 


6 From the Gulf of Mexico, near Pass ( hristian. Missis- 
sipp. It measured a total salt content of about 2.5 per cent. 
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3. Comparison between fresh water and “old water” ‘liquid in which other peanuts had previously soaked for 24 


hours) for soaking unshelled peanuts as to effect on germination and fungus growth 


Liquid pH 


Treatment 


Soaked 24 hours in fresh tap water 
Soaked 24 hours in “old” liquid 
Unsoaked peanuts (check) 


in Petri dishes (lined with wet filter paper) to germi- 
nate. Extent of after 
14 days. The best control was achieved by sea water 


root infection was determined 
or by 2.5 per cent salt solution, followed by standing 
water and running water in that order. Soaking seeds 
10 minutes in Clorox (sodium hypochlorite) solution 
(1:8) or in mercuric chloride solution (1:1000) 
poorer control than soaking 24 hours in salt, sea, or 
standing water (Table 6). In later trials the disease 
eliminated by 


gave 


was completely increasing salt 


centration to 5 per cent and soaking time to 36 hours. 


con- 


Seedlings from such seeds appeared more healthy, 
turgid, and glossy than other seedlings. 


Soaking in water caused a loss of nutrients from 


the hulls and the oat kernels. Total sugar content 
(dry-wt. basis) before soaking was very low. 0.02 


per cent, in the lemmas and paleas. but 1.78 per cent 
After soaking. the sugars of cary- 
cent. Ash content of the 
kernels was reduced one third by the soaking proe- 


in the caryopses. 
opses measured 1.45 per 
ess.’ From what parts of the caryopsis these sub- 
stances were diffused was not determined. but it may 
that 
surface. It is 


came from tissues near the 
that carbohydrates 


respiration during soaking. 


be assumed they 


understood some 
were used up by 

\ significant difference, not evidenced in the peanut 
and 
control 


experiments. may be noted between standing 


running water. in favor of greater disease 


by standing water, 
EFFECT OF WATER-SOAKING ON 
FERENT VITALITY. 


SEED LOTS OF DIF- 
Soaking oats and other small grains 
in water at sometimes reduced 


room temperature 


germination. The extent of reduction seemed to de- 
pend on one or more of the following factors: 1) 
general vitality of the seed, 2) extent of disease in- 
fection. 3) length of soaking. and 4) type of soaking, 


Fully 


matured, well-« ured. disease-free seed suffered no re- 


ie.. whether in running or standing water. 
duction in germinability or vitality after soaking 20 
hours in running water at 25°C. In contrast. seeds of 
low vitality because of disease infection, premature 
ripening or harvesting. overheating in curing. or old 
age—showed reduction in germination following water 
soaking. The extent of reduction seemed associated 
with the degree of devitalization of the particular seed 
lot. In some cases. soaking reduced germination more 


than 60 per cent, 


* These analyses were made by Mr. Marvin Geiger. of the 
Chemistry Department of this Station, to whom thanks are 
hereby expre ssed. 


soaking 


healthy 
radicles 


hulls with % 
fungus 


Percentage % 
germination 


end of 


79 
».6 51 25 79 
27 87 36 


Running water gave a slightly higher percentage 
of germination than did standing water, probably in 
part because of competition for oxygen from micro- 
flora developing in the standing water, to the particu- 
lar detriment of seeds of low vitality. In running water, 
supplied, even though 
in very small amounts, which perhaps alleviated the 
needs of the 


some oxygen is continuously 
seeds, 

Soaking seeds in sea water and in sodium chloride 
solutions of various concentrations produced on seed 
populations effects similar to those produced by soak- 
ing in fresh water, but more pronounced. 

The net result of soaking small grains in water is 
seedling population, composed of the 
healthier and more vigorous individuals. Unlike some 


a reduced 


chemical seed treatments now practiced that disinfest 
and/or disinfect, protect, or otherwise increase the 
germination of small grains, the water-soak procedure 
often reduces germination percentage by eliminating 
the diseased, devitalized, and otherwise biologically 
and economically unfit plants from the stand. It 
should be understood that water-soaking in most cases 


is not a substitute for proven chemical control as 
practiced today, but the 2 concepts may in time 
form a workable synthesis for greater benefits in 


some special problems. 

DISCUSSION AND Various 
have been given or implied for the results of the 
water-soak method. These may be summarized as 


follows: 1) inhibition of fungal growth by microbial 


CONCLUSIONS, reasons 


metabolic products, including antibiotics and other 
substances; 2) “antibiotic-like” substances produced 
by and within germinating seeds under conditions of 
oxygen tension, 3) asphyxiation of pathogens by oxy- 
gen-consuming seeds and microorganisms in the soak 
liquid, and 4) asphyxiation of infected seeds by action 
above list now be 


of microorganisms. To the may 


added the factor of nutrient impoverishment of host 


Taste 4.-Water-soaking of unshelled peanuts; compara- 
tive effect of aeration, non-aeration, and suction in 
soaking liquid on germination and growth 
(4 trials with 960 two-cell pods) 


fungus 


% hulls Turbidity 
with of 
fungus liquid * 


Percentage 


Treatment of soak liquid germination 


\erated 32 39 } 
No aeration 12 13 2 
Suction applied } 59 3 
No soaking (check) 23 100 
*O0, none: 1, slight; 2, medium; 3, heavy: 4, very heavy. 
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Tasie 5.—Effect of soaking unshelled peanuts and shells in water and in nutrient solution on health of seedlings, amount 
of fungus growth, and seed decay (summary of laboratory trials) 


seeds 


Fungus growth totally © healthy 

Materials and treatment % amount * rotted seedlings" Turbidity * 
Unshelled peanuts soaked in water 51 l 83 
2. Unshelled peanuts previously soaked in water, than soaked 

in nutrient solution } 8 
3. Unshelled peanuts; no soaking (check) 8&4 ) 11 27 
1. Shells alone, soaked in water 18 l 2 
5. Shells alone, previously soaked in water, then soaked in 

nutrient solution 93 | 3 
6. Shells alone; no soaking (check) 87 2 


‘Amount: 0, none; 1, slight; 2. medium; 3, abundant; 4, very abundant. 
"No discoloration or rotting. 
* Turbidity: 0, none: 1, slight: 2, medium; 3, heavy: 4. verv heavy. 


substrata by diffusion of soluble substances into the The role of anaerobiosis in disease control was 
water, with consequent starvation of the pathogen. brought to the fore when the procedure of water- 
Temperature of the soak medium and duration of | soaking seeds for short intervals was combined with 
soaking were found to play a part (7, 15, 23, 26,27). that of storing these seeds immediately afterward 

Leben, Scott, and Arny (13, 14), and Jacquet, in air-tight containers for various periods and at 


Leben, and Arny (11) attributed the control of loose | various temperatures, as first devised by Hebert (7, 8) 
smut of barley and other small-grain seedling diseases and later conducted by Tandon and Hansing (17) 
to the activities of microorganisms in the soak liquid, and Weihing and Daly (27). Control was attributed 


principally by the production under anaerobic con- principally to the inability of the fungus to survive 
ditions of certain organic acids (formic, acetic, n-butyr- after removal of oxygen from the closed containers 
ic, and succinic). They obtained considerable dis- by the respiration of soaked seed. While these com- 


ease control of naturally infected seeds by soaking bined procedures go beyond the workings of the 


them in a “synthetic” steep liquid containing the above | water-soak method per se they do provide by com- 


acids, but noted little effect on artificially inoculated parison and analogy additional indication as to the 


seed. Other possible factors were also mentioned. possible role of oxygen within a water medium. How- 
Wallen and Skolko (26) similarly attributed to bac- ever, the likely existence of other inhibitory factors 
terial action the considerable degree of fungistasis operating in air-tight containers should perhaps also 
obtained in laboratory tests when pea seeds naturally be considered, e.g., the evolution of certain volatile 
infected with Ascochyta pisi were soaked 18 hours toxic agents during a prolonged fermentation period. 
in water and dried for 1 week at room temperature. It was further suggested by Weihing and Daly that 


Tyner (23, 24). on the other hand. thought it failure of some smut-infected barley seeds to develop 
unlikely that microorganisms were responsible for and reach maturity, following these combined treat- 
the control of loose smut of infected barley seed ments, accounted for the lower disease counts recorded 
soaked 56-64 hours. He attributed disease contro] in the field. It would seem that anaerobiosis exerted 
rather to a fungicidal or fungistatic principle estab- direct lethal effect on the diseased, devitalized seeds 
lished within the embryo. and operative there, when themselves, thus eradicating them from the rest of 


free oxygen became depleted by the respiring seed, the population, 
It was suggested that quinones were the direct agents In referring to the role of oxygen in the strictly 
responsible for the control. water-soak process, it seems to this writer that the 


Pane 6.-—Disease control through soak treatments of oat seeds naturally infected with Helminthosporium sativum (3 


trials with 5,250 seeds) 


Seed-soak prior to incubation germination radicles coleoptiles Disease 

in 9 days infected infected index 
No soaking (check) 96 a7 8 35 
20 hours in standing water 78 8 ] i) 
20 hours in running water 89 17 6 23 
20 hours in NaCl (2.5%) 9] 7 trace 7+ 
20 hours in sea water 93 7 trace 7+ 
10 minutes in Clorox * (1:8) 95 15 2 17 


10 minutes in HgCL (1:1,000) 93 10 trace 10+ 


“Sodium hypochlorite 5.25% by weight; inert ingredients 94.7°%. 
Disease index is the sum of percentages of radicles infected and coleoptiles infected. 
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mere physical exclusion of air by the blocking action 
of a body of water surrounding a respiring seed would 
be sufficient to induce various inhibition effects on 
host and parasite alike, without the involvement of 
microorganisms or antibiotics. It was demonstrated 
in the laboratory that healthy wheat and oat seeds 
failed to germinate when kept submerged in frequently 
renewed water. However, some responded favorably 
and proportionally to germination under induced 
aeration, the wheat more readily than the oats. 

In evaluating the role of each factor contributing 
to fungus and disease control by this method, it should 
be borne in mind that we are dealing in each case 
with different diseases, hosts, and parasites, and with 
diverse ecological and environmental conditions within 
the soaking medium. For example, oxygen exhaustion 
is less likely to be a predominant factor with peanuts 
than with oats. because the structure of the unshelled 
peanut is such that oxygen is enclosed and is made 
available for some time, to both seed and parasite, 
from the porous shell and from the cavity between 
the seeds and the shell during the soaking process. 
On the other hand, anaerobiosis is more likely to be 
a major factor in the control of loose smut of barley, 
even though general agreement is lacking as to the 
manner in which it exerts its influence. 

In regard to nutrient supply, the peanut shell and 
other parts of the fruit are much richer in available 
carbohydrates and other nutrients than is the hull 
of the oat seed. Exhaustion of this supply. then, by 
the soaking process would be expected to play an 
important part, as it actually does, in any fungus 
growth on the peanut hulls. Control of the fungi 
growing on the hulls is important because, from the 
outer surfaces, they readily penetrate through the 
spongy hull to establish themselves in the moist 
chambers between hull and seed. Shortly afterward 
they infect the seeds and smother them. 

Antibiotic action in the case of the peanuts seemed 
to be absent or negligible during the first 24 hours 
of soaking. In prolonged soaking, i.e. 48 hours, this 
action would be difficult to determine, because of the 
complex conditions within the medium. 

Another diversity in results may be mentioned. 
Whereas water-soaking increased the seed germina- 
tion of unshelled peanuts, the germination percentage 
was often reduced in the case of oats and other small 
grains. In the first case. healthy seeds were protected 
from pathogens and thus allowed to grow; in the 
second case, weak and unhealthy seeds were destroyed. 
In both eases the end result was a healthier stand. 

Perhaps it should be concluded for the present 
that no single mechanism is equally operative in 
every case studied, and that not all details of evi- 
dence presented in these or other studies need either 
fit. or be considered to be ramifications of, a single 
mechanism. 

DerpaRTMENT OF PLANT PaTHOLoGY AND PHYSIOLOGY 
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DIFFERENTIAL CORROSION OF METALS BY SEED-TREATMENT FUNGICIDES ! 


Laurence H. Purdy and C. S. Holton 7 


st MMARY 


The corrosiveness of 10 different seed treatment 
fungicides was determined on 3. different metals. 
MEMA, Emmi, and Metasol M were the most 
corrosive of the 8 materials tested in the dilute form 
used in slurry-machine applications. Panogen 42, 
Ceresan 200, Anticarie. and Ceresan M were the 


least corrosive. In an undiluted form. MEMA was 
the most corrosive, whereas Panogen 15 was only 
slightly corrosive. Ceresan 75 and Emmi were non- 
corrosive. None of the materials corroded stainless 


steel, 


Resistance to corrosion of certain parts of seed- 
treating machines is a primary factor in their dura- 
bility. Mercurial fungicides. regarded as corrosive 
to metals, are used on a wide range of crop seeds, 
but little is known of their relative corrosiveness to 


the metal parts of seed-treating machines. In a_pre- 


liminary report® it was shown that liquid formulations 
of mercury are more corrosive to galvanized or painted 
metal than are wettable-powder formulations. Miller. 
Gould. and Polley* showed that the stability of dilute 
solutions of phenylmereury acetate (100-200) ppm) 
was reduced significantly in contact with iron. gal 
vanized iron, and aluminum. but did not report the 
effects on these metals. Results are presented here of 
comparative tests of the corrosiveness on 3. different 
metals of 10 different seed-treatment fungicides used 
for wheat bunt control. 

MATERIALS AND METHODS. The tests for corrosive- 
ness were made with strips of carbon steel (50% 10 
mm) used by Panogen. Inc.. in the manufacture of 
seed-treating machines. and with strips of cold-rolled 
steel and stainless steel (70% 13 mm) of the type used 
by Ben Gustafson Co. in manufacturing seed-treating 
machines. A small hole was drilled through the metal 
strip and a nichrome wire was looped through it and 
fastened. The other end of the wire was inserted 
through a hole in a No. 11 cork stopper. looped over 


1 Accepted for publication May 6, 1958. 

Cooperative investigation of the | Department of 
Agriculture, Agricultural Research Service, Crops Research 
Division, and the Agricultural Experiment Stations of 
Idaho, Oregon, and Washington. 

* Pathologists, Crops Research Division, Agricultural Re 
search Service, U. S. Department of Agriculture, Pullman, 
Washington. Scientific Paper No. 1691, Washington Agri 
cultural Experiment Station, Pullman, Washington 

3 Purdy, L. H. 1957. Differential corrosiveness to metal 
of seed-treatment fungicides. Phytopathology 47: 28. ( Ab- 
stract) 

4 Miller, V. L., C. J. Gould, and Dorothy Polley. 1957. 
Some chemical properties of phenylmercury acetate in re 
lation to fungicidal performance. Phytopathology 47: 722 
720. 


a paper matchstick, and fastened by twisting the 
wire. The stopper, wire. and metal strip were inserted 
in a 200-ml Erlenmeyer flask so that the lower end 
of the strip was just above the bottom of the flask. 
(Fig. 1H). 

Fight different fungicides were diluted according 
to the manufacturers’ recommendations for slurry- 
machine applications. One hundred and fifty ml of 
the diluted fungicides were placed in separate Erlen- 
meyer flasks, each containing a metal strip about two 
thirds of which was immersed in the solution. In the 
second test, strips of Panogen metal and cold-rolled 
steel were immersed in undiluted liquid formulations 
of 4 fungicides. In this test the size of the cork and 
length of the nichrome wire were modified to fit 6-in, 
test tubes. Strips of the 3 metals immersed in tap 
water served as checks in each test. 

The fungicides tested were: Anticarie, 40 per cent 
hexachlorobenzene; Ceresan M. 7.7 per cent V-(ethyl- 
mercuri)-p-toluenesulfonanilide; Ceresan 75, 2.8 per 
cent ethylmereury  2.3-dihydroxypropyl —mereaptide 
and 0.6 per cent ethylmercury acetate: Ceresan 200, 
6 per cent ethylmercury 2.3-dihydroxypropyl mercap- 
tide and 1.3 per cent ethylmercury acetate: Emmi, 
10.34 per cent 
bieyelo| 2.2.1 |hept-5-ene-2.3-dicarboximide; MEMA, 
11.4 per cent methoxvethylmercury acetate; Mer-sol, 
7 per cent phenylmercury acetate: Metasol M. 5.7 
per cent methylmercury oxyquinolate; Panogen 15, 
2.2 per cent cyano(metylmercuri) guanidine; Panogen 


> 


Fic. 1. A-F) Surface corrosion, representing numerical 
corrosion ratings of 0-5, respectively (10*). G) Globules 
of free mercury on metal strip immersed in MEMA (10%). 
H) Flask containing metal strip ready for test. I-J) Strips 
of Panogen metal that had been immersed in fungicides 
diluted for slurry application: I) before removal of resi- 
dues; J) after removal of residues. P = Panogen 42: Me 

MEMA: V = Emmi: CM = Ceresan M: C2 Ceresan 
200; Ma Metasol M; A = Anticarie: Mr = Mer-sol; 
W Water. 


AB 


| 


September, 1958 


wha Ae 
‘ 


poy 
; 


PURDY AND HOLTON: 


METAL CORROSION BY FUNGICIDES 


509 
| ‘ | 
B 
P Me V CM C2 MA A MR W 
5 
¢ 


510 PHYTOPATHOLOGCY Vol. 48 


| P Me V Cm C2 MA A MR W 
ir 
P ME V Cm C2MA A Mer W 
| | Bae 
\ 
P ME V Cm C2 Ma A MR W 


September, 1958 | 


P ME V C2 W 


Fic. 3. Strips of metal after being immersed in undiluted 
fungicides. A-B) Panogen metal A) before removal of 
residues, and B) after removal of residues. CD) Cold- 


12. 6.3 per cent cyano(methylmercuri) guanidine. 

All tests were duplicated and the flasks and test 
tubes distributed at random. The flasks were placed 
in a greenhouse at 70°F, and the test tubes were in 
the laboratory at a temperature of about 75°F. Cor- 
rosion of the metal was determined at the end of 4 
months. Numerical values of 0-5 were assigned ac- 
cording to the percentage of the surface that was cor- 
roded (Fig. 1. A-F). 

Residue deposits accompanying corrosion usually 
obscured the degree of damage to the surface. To 
expose the surface for a more accurate measure of 
corrosion, the residue was removed from one of the 
duplicate sets of strips representing each fungicide- 
metal combination—by washing in dilute (about 0.5.V) 
HC], and then in water. The washing was completed 


Fic. 2. Strips of cold-rolled steel and stainless steel im 
mersed in fungicides diluted for slurry application. A-B) 
Cold-rolled steel A) before removal of residues, and B) 
after removal of residues. C) Stainless steel, showing re- 
sistance to corrosion. P = Panogen 42; Me MEMA; V 
= Emmi; CM = Ceresan M; C2 = Ceresan 200; Ma = 
Metasol M; A = Anticarie;: Mr = Mer-sol; W — Water. 
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rolled steel C) before removal of residues, and D) after 


removal of residues. P Panogen 15; Me MEMA;: V 
Emmi; C2 = Ceresan 75; W Water. (4X) 


before the acid acted on the metal. 

As shown in Table 1. the corrosion on the metal 
was measured both above and below the surface of 
the fungicide solution. 

Resutts.—Data on the corrosion of 3. different 
metals by dilutions for slurry application of 8 different 
fungicides are summarized in Table 1. The corrosive 
effects of the fungicides tested were generally the 
same on Panogen metal and cold-rolled steel, but 
no corrosion of stainless steel by any of the materials 
was evident (Fig. 2C). Although a black residue 
was formed on stainless steel by Metasol M (Table 
1. col. A), this proved to be superficial since the 
surface of the metal was free from corrosion. 

There were fungicide residues on all of the strips 
of Panogen metal (Fig. 1. I-J). and the amount 
appeared to be correlated with the amount of cor- 
rosion. Only a slight residue was formed by Cere- 
san M,. and there was no corrosion of these strips, 
probably because of the low solubility of the active 
ingredient and because it had settled out of suspen- 
sion. Anticarie caused about as much corrosion as 


did water. The immersed portions of strips exposed 
to Panogen 42 and Ceresan 200 were free from cor- 
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TasLe 1.-Comparative corrosiveness” of 
manufacture of seed-treating machines 


Vol. 48 


fungicides diluted for slurry application on 3 different metals used in the 


Type of metal and numerical corrosion rating * 


Panogen Metal Stainless Steel Cold-rolled Steel 
Fungicide \ B? A' B” \ B 
Panogen 42 liquid 5/0 0 0/0 0/0 2/0 2/0 
MEMA liquid 5/5 0/0 0/0 5/5 5/5 
Emmi_ liquid 5/5 0/0 0/0 1/5 4/5 
Ceresan M wettable powder 0/0 0/0 0/0 1/0 1/0 
Ceresan 200 liquid 5/0 0 0/0 0/0 2/0 2/0 
Metasol M liquid } 5) 5 ] 5 0/0 5/5 5/5 
Anticarie wettable powder 0/5 4 0/0 0/0 215 1/5 
Mer-sol liquid 3/4 /4 0/0 0/0 0/4 04 
Check (water only) 0/2 Z 0/0 0/0 0/4 0/3 

‘Ratings indicate the following percentages of corroded surface: 0. 0-5: 1, 6-10: 2, 11-25; 3, 26-50; 4. 51-75; 5, 76-100. 


» Corrosion ratings (A) before and 
face of the liquid, and the denominator the corrosion below, 


rosion, but the portions of these strips above the 
surface of the liquid were corroded badly. This may 
be related to the combined effects of the condensation 
on the metal strips of water vapor and other volatile 
products from the fungicide solution in the presence 
of atmospheric oxygen. These two fungicides ( Pano- 
gen 42 and Ceresan 200) were the least corrosive o 
the liquid-mereury preparations tested. but were fol- 
lowed closely by Mer-sol. Metasol M and Emmi were 
more corrosive than Mer-sol, and about equally col! 
rosive. MEMA was the most corrosive material tested; 
the strips of metal in this material were slightly re- 
duced in thickness. Some reduction of the mercurial 
fungicide took place. as evidenced by small globules 
of metallic-free mercury on the surface of these strips 
(Fig. 1G). 

The corrosive effects on cold-rolled steel followed 
a pattern similar to that on Panogen metal (Fig. 2A), 
except that Anticarie was more corrosive than Mer-sol., 
which was no more corrosive than water. MEMA and 
Metasol M were equally corrosive to this metal, and 
Emmi was only slightly less corrosive. The surface 
of this metal was attacked vigorously by these fungi- 


cides, and free mercury was present on the strips im- 


2.-Comparative corrosiveness of 4 undiluted liquid 
mercury fungicides on 2 different metals used in the 


manufacture of seed-treating machines 


Type of metal and numerical 


corrosion rating * 
Panogen metal Cold-rolled steel 
Fungicide \ B \ B 
Panogen 15 liquid 1/o* 1/0 2/0 2/0 
MEMA liquid 5/5 5/5 505 55 
Emmi liquid 0/0 0/0 0/0 0/0 
Ceresan 75 liquid 0/0 O00 0/0 0/0 
Check (water only) 1/3 1/3 1/3 1/3 


“See footnotes, Table 1 


(B) after removal of residue. The numerator indicates the corrosion above the sur- 


mersed in MEMA (Fig. 2B). Again Panogen 42 and 
Ceresan 200 were non-corrosive to the immersed por- 
tions of the strips but moderately corrosive on the 
portions exposed above the liquid. 

Data showing the relative corrosiveness of 4 un- 
diluted liquid fungicides on Panogen metal and cold- 
rolled steel are summarized in Table 2. These data 
show that the corrosion of Panogen metal and cold- 
rolled steel was similar to that in the first test (Fig. 
3). Water was only moderately corrosive whereas 
MEMA was highly corrosive. Again, globules of 
metallic mercury were present on metal exposed to 
this material. Panogen 15 was non-corrosive to. the 
immersed portion of the strips but slightly corrosive 
to the portion exposed, Ceresan 75 did not corrode 
either the immersed or unimmersed portions of the 
strips. Contrary to the results shown in Table 1, Emmi 
was non-corrosive in these tests. Thus. there was a 
considerable difference in the corrosiveness of diluted 
and undiluted Emmi. the diluted form being very 
Corrosive, 

Metering cups of the type used in the Gustafson 
machines were immersed in Panogen 15 and Ceresan 
75 with the cup shafts extending above the level of 
the liquid. The shafts corroded moderately (numer- 
ical rating 3). but the immersed cups remained free 
from corrosion, 

It is evident that MEMA, Emmi. and Metasol M 
in dilutions suitable for application with slurry ma- 
chines are corrosive to the metal used in these 
machines. This corrosive action could be a factor in 
reducing the durability of seed-treating machines. In 
undiluted form, only MEMA was corrosive. This may 
be attributed in part to a reduction of the active in- 
eredient that results in the formation of metallic mer- 
cury. 
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CURVULARIA LEAF BLIGHT OF CLOVERS AND ITS CAUSAL 
AGENT, CURVULARIA TRIFOLIT: 


R. A. Kilpatrick * 


sUMMARY 


Curvularia trifolii sporulated abundantly in Petri 
dishes containing 10-20 ce of Difco potato-dextrose 
agar. Spores germinated within 2 hours from polar 


cells. Ladino and other white clovers (Trifolium 
repens) of different ages were susceptible, though 


symptoms varied with plant age, being most  pro- 
nounced on leaflets and petioles of young seedlings. 
Thirty-two plants of T. repens with high resistance 
were selected from about 14,000 seedlings. Inocu- 
lation of 9 varieties indicated that selection for 
resistance would be more encouraging in T. pra- 
tense than in T. repens. Of 37 species of Trifolium 


tested, 16 were resistant, 3 were intermediate, and 
18 were susceptible. Seedlings of Wedicago sativa, 
VW. scutellata, and Ebenus cretica were moderately 
susceptible. Minute, pin-point flecks developed on 
Gladiolus. but lesions failed to enlarge. Two suc- 
cessive passages of C. trifolii through Gladiolus did 
not increase its pathogenicity. No symptoms de- 
veloped on Lotus corniculatus, Lupinus angusti- 
folius, Medicago falcata, Capsicum annum, Brassica 
oleracea var. botrytis, Lycopersicon esculentus, or 
Solanum melongena. The fungus was readily iso- 
lated from l-vear-old white clover leaves. 


Curvularia leaf blight of clovers. incited by Curvu- 
laria trifolii. (Kauff.) Boed., occurs in the Gulf Coast 
states (3. 11). Atlantic seaboard (1. 4. 8, 
10). throughout New England, and in Japan (12). 
It mav be more widespread but not generally recog- 


along the 


nized. for its symptoms (5, 13, 15) are similar to 
those of 
Ladino and other white clovers (Trifolium repens L.) 
In late fall it is difhieult 
to distinguish from frost injury. 
of the attacked and 
fungus (10). 


other diseases, It is most noticeable on 
late in the growing season. 
Up to 25 per cent 


killed by the 


leaves may be 
Curvularia leaf blight has been found on only 2 
species of Trifolium in nature (1, 2. 3. 9. 10, is) 
Bonar (2) inoculated 7 species of Trifolium and found 
a wide range of susceptibility. 7. pratense L. and T. 
arvense L. developed no symptoms, whereas T. spu- 
mosum L.. was very susceptible. Kreitlow and Yu (9) 
reported natural infection on T. pratense. Bonar (2) 
and Kreitlow. Graham, and Garber (8) observed that 
Ladino white clover appeared to be more susceptible 
than common white clover. Parmelee (14) reported 
that white clovers were not susceptible to C. trifolii 
(Kauff.) Boed. f. gladioli Parmelee & Luttrell. 

Bonar (1) reported that C. trifolii sporulated 
sparsely on potato agar. Kreitlow and Yu (9) found 
that the fungus sporulated poorly on potato-dextrose 
agar also, 

The studies reported herein were on a) the effect 
of depth of agar on sporulation, b) recovery of the 
fungus from over-wintered leaves. and ec) host range. 
Preliminary studies were reported earlier (6). 


Isoration._C. trifolii was isolated by incubating 


Accepted for publication May 13, 1958 

Cooperative investigations of the U. S. Department of 
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Division, and the New Hampshire Agricultural Experiment 
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diseased clover leaves 48 hours in a Petri-dish moist 
chamber, scraping resulting spores from the lesions, 
and transferring them to a sterile water blank (8-10 
ce) containing 2 drops of 25 per cent lactic acid. 
About 3 ce of the spore suspension were poured into 
Petri Difeo PDA 


(potato-dextrose agar). The seeded dishes were incu- 


dishes containing melted. cooled 
bated 48 hours at room temperatures (75 90°F), and 
single-spore colonies were then isolated. 

SPORE PRODUCTION. suggested 
that sporulation might depend upon the depth of the 
Petri dishes containing 10, 20, and 40 ce of 


PDA were inoculated with a mixture of spores and 


Since observations 


agar, 
isolate. The dishes were agitated 


left 72-96 hours at temperatures 
Each series was replicated and the test 


mycelium from 
lightly and 
(75 90°F). 
repeated, 
Abundant 
occurred in 


room 


sporulation and sparse mycelial growth 
10-20 ce PDA. 
More mycelium and fewer spores developed in dishes 
containing 40 ce PDA. Dishes containing 40 ce PDA 
gradually yielded some spores, but never as many as 
developed in dishes with less PDA. Light seemed to 


Petri dishes containing 


influence sporulation regardless of agar depth. 
SpoRE GERMINATION.—To study mode of spore ger- 
mination, lesions were scraped and spores were trans- 
ferred to 0.1 per cent sodium citrate solution. The 
suspension was incubated at room temperature and 
examined at intervals during a 20-hour period. 
Germinating conidia were observed within 2 hours 
More than 
75 per cent of the spores had germinated 20 hours 


in 0.1 per cent sodium citrate solution. 


later. In all cases, germination was from polar cells 
only. These observations agree with those of Bonar 
(2) 

OVERWINTERING.—To overwintering of the 
fungus, leaves showing typical V-shaped lesions were 
collected in October. 1956, placed in a wire basket, 
and left on an exposed window ledge. Samples of the 


study 


leaves were taken bi-monthly. incubated 48 hours in 
a Petri-dish moist chamber and examined microscopi- 
cally. 
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C. trifolii was consistently isolated from over-win- 
tered clover leaves. In nature. the fungus apparently 
survives until leaves decompose. 


REACTION OF WHITE CLOVER.—Inoculum was _pre- 
pared by transferring a mixture of spores and myce- 
lium to Petri dishes containing 10-20 ce of PDA. 
A heavy suspension was prepared by blending the 
contents of each dish with 100 ce of tap water in a 
Waring Blendor. Four to 5 drops of Triten-B. a 
liquid wetting agent. were added to the suspension 
before inoculation. A Schrader spray gun (7) was 
used for inoculating all plants. Afterward. plants 
were incubated 3 days in a moist chamber and moved 
to a greenhouse bench. Ratings were made 10-12 
days after inoculation. 


Since earlier studies had been principally con- 
cerned with seedling reactions (1. 9. 10). investigation 
was made of the susceptibility of Ladino and other 
white clover plants of different ages. Five strains of 
white clover were used, 4 of the large and 1 of the 
intermediate types: respectively. Western Composite 
(FC32583). Certified Pilgrim (FC32620). Vermont 
Polyploid (Dr. A. Gershoy, University of Vermont). 
Certified Oregon (FC33144), and Wisconsin Common 
White (L. Olds Seed Co.. Madison, Wis.). Seeds 
were sown 3 times at monthly intervals. and = the 
resulting plants were inoculated with a spore and 
mycelial suspension at 6, 10, and 14 weeks, respee- 
tively. 


Screening for resistance to Curvularia leaf blight 
consisted of growing plants in flats of soil, inoculating 
them at the third to fourth trifoliate leaf stage, and 
incubating the inoculated plants 3 days in a moist 
chamber. Those free of infection 10-12 days later 
were selected. Plants remaining healthy after 2. in- 
oculations were considered resistant. 


Symptoms of about equal severity developed on 
Ladino and other white clovers. The type of symptom 
varied with age of plant. Typical V-shaped marginal 
chlorosis developed in leaves of older plants. Later, 
affected areas became watery, translucent, necrotic, 
and more prominent. Very few wilted petioles devel- 
oped on plants 3.4 months old. Typical leaf and 
petiole lesions developed in seedlings 2 months old. 
As infection progressed downward into the petiole, 
the leaflets curled upward. This was particularly 
noticeable in seedlings. 

About 14,000 white clover seedlings, comprising 
200 seed sources, have been screened to date for 
susceptibility to Curvularia leaf blight. The number 
of plants eliminated by the first inoculation (77-100 
per cent) varied with seed source, moisture, tempera- 
ture. and other factors. A second inoculation elimi- 
nated all escapes. Based on absence of symptoms 
following inoculation. 32 plants (0.2 per cent of 
inoculated seedlings) were resistant. Seedlings from 
Oregon selection FC33144 showed greater resistance 
than seedlings from any of the other seed sources 
tested. 


REACTION OF RED CLOVER.—Besides Ladino and 
white clovers, seedlings of 9 varieties of red clover 
were inoculated to determine the range of suscepti- 
bility. Varieties tested were: Kenland, Chesapeake, 
Redon, Thomas. Dollard. N. H. Red. LaSalle, Penn. 
scott, and Wisconsin Synthetic. 


All varieties of red clover tested were susceptible to 
C. trifolii. LaSalle and Pennscott were most suscep. 
tible. whereas seedlings of Thomas possessed some 
resistance. Other varieties were intermediate in reac- 
tion. Two per cent of the seedlings from the 9 varie. 
ties were resistant. 


REACTION OF OTHER hosts tested 
for susceptibility included: Trifolium agrarium 1... T. 
alexandrinum 1... T. alpestre L.. T. ambiguum M. B.. 
T. amabile H. B. K., T. angustifolium L.. T. arvense, 
T. carolinianum Michx.. T. cernuum Brot... T. dubium 
Sibth., 7. filiforme L.. T. fragiferum L.. T. glomeratum 
L., 7. hirtum All.. T. hybridum 1... T. incarnatum {... 
T. lappaceum L.. T. luninaster 1... T. medium 1... T. 
michelanium Savi... T. nigrescens Viv.. T. pannonicum 
Jacq., T. pratense, T. procumbens L.. T. reflexum L,, 
T. repens, T. resupinatum L.. T. rueppelianum Fresen.. 
T. scutatum Boiss., T. seminilosum Fresen.. T. stria- 
tum L., T. subrotundum S. & H.. T. subterraneum L., 
T. tomentosum 1... T. variegatum Nutt... T. wormski- 
oldti Lehm.. T. xerocephalum Ebenus cretica 
L... Lotus corniculatus L.. Lupinus angustifolius L., 
Vedicago sativa L.. M. falcata L.. M. scutellata Mill. 
Capsicum annuum L. (pepper). Brassica oleracea L. 
var botrytis (cauliflower). Lycopersicon esculentum 
Mill. (tomato), Solanum melongena 1... (eggplant). 
and Gladiolus sp. Seedlings of the different hosts 
were about 6-8 weeks old when inoculated. Five 
classes, ranging in severity from 1 (healthy) to 5 
(severely infected). were used for rating the suscep- 
tibility of hosts. 


There was variation in susceptibility to C. trifolii 
within and between species (Table 1). Of the species 
tested, T. ambiguum, T. fragiferum, and T.. semi- 
pilosum were most resistant. whereas 7. alexandrinum, 
T. michelanium, T. pannonicum, and scutatum 
were very susceptible. Seedlings of the latter 3 species 
were dead 3 weeks after inoculation. Symptoms were 
quite similar in all species of Trifolium except. T. 
pratense. Brown, necrotic lesions developed in_ this 
host, but without the watery translucence character- 
istic of lesions on other hosts. 

Other hosts susceptible to C. trifelit included Ebenus 
cretica, Medicago sativa, and M. scutellata. Seedlings 
of E. cretica (a leguminous plant obtained from the 
island of Crete by Dr. Roy Donahue) were very 
susceptible. whereas plants 5-6 months old were mod- 
erately resistant. Plants of M. sativa and M. scutel- 
lata were moderately susceptible. Symptoms failed to 
develop on Lotus corniculatus. Lupinus angustifolius, 
Vedicago falcata, Capsicum annuum, Brassica olera- 
ea var. botrytis, Lycopersicon esculentum, and So- 


Janum_ melongena. 
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KILPATRICK: CURVULARIA TRIFOLII ON CLOVERS 915 


8 | September, 1958 | 


id Taste 1.—Reaction of Trifolium spp. to artificial inocula- whereas clovers inoculated with C. trifolii required 
ie tion with Curcularia trifolii 7-10 days for symptoms to develop. 
ti- = Di Di DEPARTMENTS OF AGRONOMY AND BoTANY 
University or New Hampsuire 
’ Trifolium spp. reaction Trifolium spp. reaction ; 
n- DurHAM, New HampsuHire 
RESISTANT VERY SUSCEPTIBLE 
10 agrarium 3.1 LITERATURE CITED 
carolinianum 1.4 alexandrinum 4.3 1. Bonar, L. 1920. Wilt of white clover due to Brachy- 
p- filiforme 1.4 angustifolium 3.1 sporium trifolii. Phytopathology 10: 435-441. 
ne fragiferum 12 glomeratum 3.9 2. Bonar, L. 1924. Studies on the biology of Brachy- 
ai hirtum 15 hybridum 3.0 sporium trifolii, Am. J. Bot. Il: 123-158. 
™ semipilosum 1.0 incarnatum 3.9 3. Garren, K. H. 1954. Disease development and _ sea- 
: INTERMEDIATE medium 3.2 sonal succession of pathogens of white clover. I. 
alpestre 2.0 michelanium 5.0 Leaf diseases. Plant Disease Reptr. 38: 579-582. 
od amabile 23 nigrescens 4. Hanson, E. W., ano K. W. Krerriow. 1953. The 
- arvense 2.1 pannonicum 3.5 many ailments of clover. U.S. Dept. Agr. Yearbook, 
cernuum 2.4 pratense 3.1 Plant Diseases, p. 224. 
dubium 22 repens 30 5. Jones, L. R.. M. M. Wirttiamson, F. A. anp 
lappaceum 25 reflexum 35 Lucia McCuctoucn. 1923. Bacterial leafspot of 
m lupinaster 2.6 resupinatum 3.3 - clovers. J. Agr. Res. 25: 471-490. 
procumbens 2.7 scutatum 4.7 6. Kivpatrick, R. A. 1957. Reaction of forage legumes 
rueppellianum 2.1 subrotundum 3.3 and other plants to Curvularia trifolii. (Abstr. 
striatum 2.7 subterraneum 3.0 kK I hytopathology 47: 20. 
tomentosum 2.6 verocephalum 29 7. Kivpatrick, R. A., AND H. W. Jonson. 1956. Spray 
5 gun for greenhouse inoculations. Phytopathology 
345-346. 
wormskioldii 2.0 46: 34 46 
8. Krerrcow, K. W., J. H. Granam, ano R. J. Garper. 
s ‘Arranged alphabetically in 3 groups: resistant, inter- 1953. Diseases of forage grasses and legume — the 
a- mediate, and very susceptible —— states. Penna. State Univ. Agr. Expt. 
A scale of 1-5, from healthy to severely infected. Aver- — Bull No. 573, p. 12. — , 
te 9. Kreittow, K. W., ano H. S. Yu. 1955. Curvularia leaf 
age OF blight of red clover. Plant Disease Reptr. 39: 181- 
182 
ral 
10. Lenman, S. G. 1951. Curvularia leaf blight of Ladino 
‘ Reciprocal inoculations were made with isolates of clover. Plant Disease Reptr. 35: 79-80. 
| I 
C. trifolii and C. trifolii f. gladioli® on, respectively, 11. Lurtrett, E. S. 1956. The eparation of Curvularia 
L. ig trifolii and C. lunata. Plant Disease Reptr. 40: 
a gladiolus (Leading Lady) and Ladino white clover. 57-60. 
No symptoms developed on Ladino white clover, but 12. Matsuura, I. 1930. On two new diseases of white and 
minute flecks, which failed to develop further, were 
produced on gladiolus. Reisolation and reinoculation yeol. 10 
- failed to increase the virulence of C. trifolii on gladio- 13. MonteitH. J. 1928. Clover anthracnose caused by 
. lus. Gladiolus inoculated with C. trifolii f. gladioli Colletotrichum trifolii. U. S. Dept. Agr. Tech. Bull. 
developed severe leaf spot symptoms within 48 hours, 28. nae ee 
' — 14. Parmacer, J. A. 1956. The identification of the Cur- 
be vularia parasite of Gladiolus. Mycologia 48: 558- 
” ‘Isolate No. 944 received from Dr. E. S. Luttrell. Crops 567. 
Ps Research Division, Agricultural Research Service, U. S. 15. Sampson, K. 1928. Comparative studies of Kabatiella 
i- Department of Agriculture and Departments of Agronomy caulivora (Kirchn.) Karak, and Colletotrichum tri- 
. and Botany, New Hampshire Agricultural Experiment folii Bain and Essary. Brit. Mycol. Soc. Trans. 13: 
; Station, cooperating. 103-142. 
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PHY TOPATHOLOGICAL NOTES 


Twig Blight of Eastern White Pine Caused by 


Monochaetia pinicola-John Boyce, Mono- 


chaetia pinicola Dearn. has been noted by Hedgecock? 
on needles of longleaf pine. Pinus palustris Mill., and 
shortleaf pine, Pinus echinata Mill, as “apparently 
rare and possibly parasitic Heretofore it has not 
been described as a cause of bark cankers on pine 
in the United States. 
the genus cause bark cankers, including M. mali (EI. 
& Ev.) Sacc. & D. Sace. on apple in the United States 
and M. unicornis (Cke. & Ell.) Sace. on species of 


However. other members of 


Chamaecyparis, Cupressus, Juniperus, and Thuja in 
this and other parts of the world. 
In April, 1957. a twig blight was observed on several 


seedlings and saplings of eastern white pine, Pinus 


1 Plant Pathologist, Southeastern Forest Experiment Sta 
tion, Forest Service, U. S. Department of Agriculture. 

Hedgcock. & 1932. Notes on the distribution of 
some fungi associated with diseases of conifers. Plant Dis 
ease Reptr. 16: 28-42. 


of 


strobus L.. in a natural stand near Spruce Pine, 
Avery County, North Carolina. Affected pines had ] 
to several twigs with dead tips. The twigs had died 
back to constricted areas that were up to 1 in. long, 
On the bark of the constrictions, acervuli of VM. pini- 
cola® were observed. 

Single-spore isolates obtained from the acervuli 
were used to inoculate living white pine twigs on April 
30. Bits of mycelium from 2-week-old cultures on 
malt agar were placed under 1 V-shaped bark flap 
per twig. The inoculation site was then wrapped 
with Cellophane tape. Six twigs on 1 sapling and 5 
twigs on another were inoculated with the fungus, 
\s controls. bits of sterile malt agar were inserted 
in similar wounds in 5 twigs of each pine, which were 
then wrapped in the same manner. Sixteen weeks later, 
} typical cankers had formed at inoculated sites on 


’ The writer is indebted to Dr. E. F. Guba for identifving 
the fungus. 


Fig. 1. Cankers on eastern white pine twigs caused by Monochaetia pinicola. Photograph by U. S. Forest Service. 
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each of the 2 trees. All of the check twigs remained 
healthy. Later, the cankered twigs died back to the 
constricted areas. 

It thus appears that M. pinicola causes a_ twig 
canker of eastern white pine. Relatively little infor- 
mation is available on the distribution of the disease. 
However, in 1940 G. H. Hepting, E. R. Roth, and 
E. R. Toole, of the Forest Service, U. S. Department 
of Agriculture, observed a similar twig blight on 
eastern white pine in the Cataloochee section of the 
Great Smoky Mountains National Park, Haywood 
County. North Carolina. Their photographs of typical 
cankers show them to be identical with those caused 
by M. pinicola. A collection of similar cankers was 
made by J. R. George, of the Forest Service, U.S. 
Department of Agriculture, in Greenbrier County, 
West Virginia, in April, 1957. The writer has also 
found a few typical cankers near Biltmore, Buncombe 
County, North Carolina, on white pine seedlings. 

Cankers of M. pinicola have occurred on twigs 
1/16—'4 in. in diameter. The cankers, which consist 
of depressed areas of dead smooth bark that com- 
pletely girdle the twigs, have been 74—1 in. long (Fig. 
1). The twig is typically swollen immediately distal 
to the canker. Seattered acervuli of M. pinicola may 
occur on the dead bark of the canker, but they are 
often absent. 

Perithecia of Caliciopsis pinea Pk. were present 
on 1 canker that bore acervuli of MW. pinicola. Since 
C. pinea also causes cankers on eastern white pine, 
it is possible to be confused about the origin of 
cankers when both fungi are present. However, it 
is likely that M. pinicola usually causes cankers on 
smaller twigs than does C. pinea. 

All observers have noted that the cankers have 
formed around needle fascicles on the twigs. This 
suggests that M. pinicola infects the twigwood, either 
through the needles themselves or at the base of the 
needle bundle. 

The disease does not now appear to be economically 
important, since it is of local occurrence on scattered 
twigs of young white pines. However. recognition of 
the cankers should lead to better information on its 
distribution.-Southeastern Forest Experiment Station, 
Forest Service. U. S. Department of Agriculture. 


Effect of Some Substituted Carbamates on Symptom 
Development in Stems of Bean Plants Infected with 
Southern Bean Mosaic Virus. J. W. Mircuerr, B. C. 
SMALE, AND F. M. Porter.! The furfuryl esters of 2- 
methyl-5-chlorocarbanilie acid and carbanilie acid 
were previously reported as suppressing symptom de- 
velopment in stems of Pinte bean plants infected with 
southern bean mosaic virus—by 98 and 93 per cent. 
respectively.2. The present research was undertaken 


1 Principal Physiologist, Physiologist, and Biological Sci- 
ence Aid, respectively, Crops Research Division, Agricul- 
tural Research Service, U. S. Department of Agriculture. 

* Porter, F. M., B. C. Smale, W. H. Preston, Jr., and J. W. 
Mitchell. 1957. Suppression by two substituted carbamates 
of symptoms induced by southern bean mosaic virus. Phyto- 
pathology 47: 179-181. 
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to learn a) whether other esters of these carbanilic 
acids would also suppress symptom development, 5) 
whether similar compounds with various phenyl-ring 
substituents would prove effective, and c) whether 
unsaturation of the furfuryl ester in the 2 compounds 
reported earlier was essential. 

Using the bean stem test which involves local 
lesions, 11 esters of 2-methyl-5-chlorocarbanilic acid 
were tested along with the same esters of carbanilic 
acid, and all failed to reduce symptom development.‘ 
These esters were ethyl, 2-chloro-ethyl, propyl, iso- 
propyl, 2(3-chloropropyl), n-butyl, secondary butyl, 
isobutyl, 2-ethylhexyl, benzyl, and allyl. The results 
indicate that the furfuryl portion of the original com- 
pounds is essential in suppression of symptom devel- 
opment. 

Isopropyl carbanilate was used to learn whether 
various phenyl-ring substituents would result in com- 
pounds having symptom-inhibiting activity. It was 
chosen because various ring-substituted isopropyl 
carbanilates were readily available. The related com- 
pounds used were isopropyl carbanilates with the fol- 
lowing ring substituents: 2.5-dimethyl-. 3-chloro-4- 
methyl, 2.3-dichlore, 2.4-dichloro, 3.5-dichloro, 2,4,5- 
trichloro-, 2,4-dinitro-, 2.4-dinitro-5-chlore-, 2-chloro-5- 
trifluoromethyl-, 2,5-diethoxy-, meta-cyano-, N-(2- 
pyridyl)-. and -(4-phenylazophenyl). 

The isopropyl esters of 2.4-dinitro-5-chloro- and 2,4 
dinitrocarbanilic acids (Fig. 1, A) reduced symptom 
development to a marked degree (99 and 88 per cent, 
respectively). The other compounds were ineffective. 

Although, in earlier work, the furfuryl esters of 2- 
methyl-5-chlorocarbanilic acid and of carbanilic acid 
suppressed virus symptom development to a marked 
degree, in the present investigation, similar carbani- 
lates, with a saturated furfuryl ring (tetrahydrofur- 
furyl) in place of the unsaturated furfuryl ring, were 
ineffective (e.g. Fig. 1, B). This requirement of un- 
saturation in the furfuryl ring is further evidence that 
the furfuryl portion of these substituted carbanilates 
played an important role in the suppression of virus 
symptom development. 

Since the furfuryl structure accounted for at least 
part of the activity of furfuryl 2-methyl-5-chlorocar- 
banilate. a compound with the furfuryl group sub- 
stituted for the benzene ring of isopropyl 2.4-dinitro- 
5-chlorocarbanilate was tested (Fig. 1, C). This car- 
bamate (isopropyl ester of N-furfurylearbamiec acid) 
was active, but its effectiveness varied to a marked de- 
gree during a series of 14 tests in which samples from 


3 Mitchell, J. W., W. H. Preston, Jr.. and J. M. Beal. 
1956. Stem inoculation of Pinto bean with southern bean 
mosaic virus, a promising method for use in screening 
chemicals for antiviral activity. Phytopathology 46: 479-485. 

*Compounds used in experiments described were ob- 
tained from the following sources: Chemical-Biological 
Coordination Center, National Research Council, Wash- 
ington, D. C.; Columbia-Southern Chemical Corporation, 
Barberton, Ohio; General Aniline and Film Corporation, 
New York; Spencer Chemical Company, Pittsburg, Kan- 
sas; U. S. Industrial Chemical Company, Baltimore, Mary- 
land; and R. T. Vanderbilt Company, New York. 
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Fic. 1. A) Structural formulas of isopropyl esters of 
2.4-dinitro-5-chlorocarbanilic acid and of 2,4-dinitrocarba- 
nilic acid. Both compounds greatly reduced symptom de- 


velopment when applied to inoculated areas (southern bean 
mosaic virus) on the stems of Pinto bean plants. B) Tetra- 
hydrofurfuryl ester of 2-methyl-5-chlorocarbanilie acid failed 
to reduce virus symptom development, demonstrating that 
effectiveness of the furfuryl ester of 2-methyl-5-chlorocarba- 
nilic acid was associated with unsaturation of the furfuryl 
portion of the compound. ©) Isopropyl ester of \-furfuryl- 
carbamic acid failed to consistently reduce symptom de- 
velopment, demonstrating that the furfuryl structure cannot 
be used effectively in place of the substituted benzene ring 
of isopropyl esters of 2,4-dinitro-5-chlorocarbanilie acid 
and of 2,4-dinitrocarbanilic acid. 


3 different sources were used. Effectiveness of the 
compound varied from 48 to 98, from 26 to 76, and 
from 6 to 93 per cent suppression of symptom develop- 
ment when the 3 samples were tested separately. In 
contrast, the isopropyl ester of 2.4-dinitro-5-chlorocar- 
banilic acid was consistently very effective in repeated 
tests. Variation encountered with the furfuryl car- 
bamate was mainly between experiments rather than 
within individual experiments, indicating that this 
variability in results may have been due to variation in 
the environment under which the plants were grown. 

In summary, various esters other than the furfuryl 
esters of 2-methyl-5-chlorocarbanilic and carbanilic 
acids failed to reduce virus symptom development in 
stems of bean plants. Two carbanilates with nitro 
substituents associated with the phenyl ring reduced 
development of the virus symptoms. These were the 
isopropyl esters of 2.4-dinitro-5-chlorocarbanilic and 
2,4-dinitrocarbanilic acids. Unsaturation of the fur- 
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furyl groups was essential in both the furfuryl ester of 
2-methyl-5-chlorocarbanilic acid and the furfuryl ester 
of carbanilic acid.—U. S. Department of Agriculture, 
Beltsville. Maryland. 


Peduncle Sclerenchyma Tissue of Nugget Wheat in 
Relation to Development of Pustules of Puccinia 
graminis var. tritici.) Roy D. Wilcoxson.- Nugget 
wheat, a variety of Triticum durum Desf., is very sus- 
ceptible to race 15B of Puccinia graminis Pers. var. 
tritici (Eriks. & E. Henn.) Shear, Ball, Jacks. & Stak- 
man. On peduncles of this variety, numerous large 
uredia develop relatively quickly; on other varieties, 
uredia do not form as abundantly and quickly.* It is 
possible that the structure of the sclerenchyma tissue 
may contribute to the ease with which race 15B de- 
velops on Nugget. Two workers +) ° have discussed the 
role of sclerenchyma tissue in delaying formation of 
uredia in relation to stem rust resistance, Hart* dis- 
cussed the usual sequence of events in sorus formation 
by noting that, as spores begin to form within infected 
collenchyma tissue, considerable pressure is exerted; 
and that, since surrounding sclerenchyma_ tissue is 
rigid and unyielding, the epidermis gives way as the 
pressures become excessive. 

Sclerenchyma tissue in peduncles of Nugget wheat 
infected with race 15B appeared to contribute little to 
resisting formation of uredia. The tissue was always 
torn, and in many cases it was cracked and crushed 
into fragments even though the epidermis was only 
distended by the developing fungus. When the epider- 
mis was ruptured, large pieces of sclerenchyma tissue 
were carried away, and large wounds were thereby 
created on the peduncles (Fig. 1A). Peduncles of 
other varieties of wheat (Table 1) were also studied; 
some cracks were seen, but only in Nugget was there a 
disintegration of the sclerenchyma tissue. 

Peduncles of diseased and healthy specimens of 
Nugget were studied to learn why the sclerenchyma 
tissue is so susceptible to damage by race 15B. When- 
ever damaged tissue was present, the fiber cells were 
separated from each other along the middle lamella. 
The adhesive substances holding the cells together ap- 
peared unable to counteract the pressures created by 
the developing rust fungus. In all Nugget plants 
studied there were numerous, and in some cases large, 
filled and unfilled intercellular spaces, which may have 


1 Paper No. 3875, Scientific Journal Series, Minnesota 
Agricultural Experiment Station. Research supported in 
part by the Rockefeller Foundation. 

2 Instructor, Department of Plant Pathology and Botany, 
University of Minnesota, St. Paul, Minnesota. 

3 Hayden, E. B. 1956. Progressive development of infec- 
tion by Puccinia graminis var. tritici (Eriks. & E. Henn.) 
Guyot on certain varieties of wheat and the relation of 
stem rust to yield. Unpublished Ph.D. thesis, University of 
Minnesota. 

4 Hart, H. 1931. Morphologic and physiologic studies on 
stem-rust resistance in cereals. U. S. Dept. Agr. Tech. Bull. 
No. 266. 

5 Hursch, C. R. 1924. Morphological and physiological 
studies on the resistance of wheat to Puccinia graminis 
tritici (Erikss. and Henn.) J. Agr. Research 27: 381-412. 
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contributed to the instability of the sclerenchyma tis- 
sue (Fig. 1.0). When other wheats (Table 1) were 
examined, those varieties of T. aestivum L. on which 
race 15B develops quickly had numerous spaces, and 
those on which the fungus develops slowly had no in- 
tercellular spaces, or relatively few (Fig. 1,.B). The 


varieties of T. durum, however, all had intercellular 
spaces. 
During 1955 and 1956, Lee, Marquis, Mida, and 


Surpresa (varieties of T. aestivum) and 


Thatcher 
Carleton. Langdon, Nugget. and Sentry (varieties of 7. 
durum) in Minnesota at St. Paul, Rose- 
mount. Morris. and Crookston, and in North Dakota at 


sectioned lo inches below 


were grown 


Fargo. Peduncles were 
the head. Ten plants of each variety from each loca- 
tion and year were examined for intercellular spaces 
in sclerenchyma tissue. Only in Nugget were the 
spaces consistently abundant at all locations. In the 
other varieties the relative number of spaces some- 
times varied with location. The abundance of spaces 
in T. aestivum was more variable than in 7. durum. 

It was concluded that, in Nugget, the number of 
intercellular spaces in peduncle sclerenchyma_ tissue 
was abundant enough to account at least partially for 


A) Nugget peduncle 
rust. Note broken 


ric. 1. Cross sections of peduncles. 
infected with race 15B of wheat stem 
sclerenchyma tissue. B) 
spaces in sclerenchyma tissue of Webster 
Illustrates intercellular spaces in  sclerenchyma 
Nugget peduncle. 


Illustrates absence of intercellular 
peduncle. C) 
tissue of 
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Taste 1.—Groups* of wheat species and varieties based on 
the presence of intercellular spaces within scleren- 
chyma tissue of the peduncles 


Intermediate no. 
of spaces 


Abundant no. 
of spaces No spaces 


Triticum aestivum Triticum aestivum Triticum aestivum 
Mida (C.1. 12008)" FKN (C.1. 13154)* Thatcher x Supresa 


Marquis Lee (C.I, 12488) (C.I, 12485) 
3641) Webster 
Rushmore Bajio 53° (C.I. 3780) 
(C.]. 12273) Kenya 318 Willet 
(C.l. 12881) (C.1, 13099) 
Timstein 
(C.I. 12347) 


Triticum durum 
Tremez Rijo 


Triticum durum 


Vernum 


(CLI. 12255) (P.I. 56257-1-le)* 
Nugget 

(C.1. 12620) 
Sentry 

(C.l. 13102) 
Glutinosa 

(P.I. 174699) 


‘ Based on estimations of number of spaces in scleren- 
chyma tissue 1'2 inches below the heads of 10 plants per 
Variety. 

"Cereal investigation number, U. S. Department of Agri- 
culture. 

* Plant intreduction number, U. 
culture. 

“Selection unknown, 

*Frontana x Kenya 58 x Newthatch. 


S. Department of Agri- 


the failure of the tissue to delay the formation and 
restrict the size of pustules of stem rust.—Department 
of Plant Pathology and Botany, Institute of Agricul- 
ture, University of Minnesota, St. Paul 1, Minnesota. 


\ematocides in Relation to Sclerotial Germination 
in Sclerotinia sclerotiorum.’ R. E. Partyka* and W. F. 
Mai.* A indicated that treating 
field soil with a nematocide, D-D mixture, increased 
the incidence of “drop” of lettuce caused by Sclero- 
tinia sclerotiorum (Lib.) d By. The primary source of 
inoculum for the spread of the fungus are sclerotia in 
the soil. These bodies give rise to stipes bearing 
apothecia, which release the ascospores and are the 
major factor in field infection. An alternative method 
A number 
of nematocides were tested under laboratory condi- 
tions for possible stimulation of S. sclerotiorum. 

In 1955, lots of 100 sclerotia (5 months old) were 
soaked in water 24% hours and mixed with 30 ml of 
mineral soil (Bridgehampton series) and placed in 
Nylon cloth bags. The mineral soil was moistened and 


recent observation 


of germination is by vegetative mycelium. 


' Portion of PhD thesis presented to the Faculty of the 
Graduate School Cornell University. 

“Former Graduate Assistant, Department of Plant Pa- 
thology, Cornell University: Now Extension Specialist, De- 
partment of Botany and Plant Pathology, The Ohio State 
University, Columbus, Ohio. 

3 Professor, Department of Plant Pathology, Cornell Uni- 
versity, Ithaca, New York. 
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Tasie 1..-Germination of sclerotia treated with D-D mix- 
ture in greenhouse tests 

Percentage Percentage 

mycelial formation* 


Rate of D-D 


application stipe formation “ 


(gal./acre) 1956! 1955 1956 1955 
0 O.3 0 73.0 84.0 
72. 5.0 15.0 77. 5 62.0 
30.7 19.7 14.0 I1.2 69.0 
15.0 95.0 3.5 58.0 
56.0 16.77" 27.0 53.0%" 56.0 
67.5 18.0% * 4.0 17.0 
90.0 18.2°* 32.0" 


"Figures for 1955 are based on one trial consisting of 100 
sclerotia; those for 1956 are based on 4 replications each 
consisting of 100 sclerotia. 

" Percentages marked by asterisks differ significantly, at 
the 1 per cent level, from percentages for untreated 
sclerotia. 


the bags were placed 3 inches below the soil surface 
in l-gal. glazed crocks containing muck soil. The soil 
was treated with D-D at rates of 0, 22.5, 30.7, 45, 56.2. 
and 67.5 gal. per acre. The treated soil was maintained 
at 65° for 3 days. In a second experiment, in 1956, 
sclerotia (16 months old) were pretreated by keeping 
them for 48 hours at 100 per cent relative humidity. 
Nylon bags with 100 sclerotia each were placed in 
greenhouse soil at 17.6 per cent moisture. The soil was 
treated with D-D at the rates indicated above plus a 
rate of 90 gal. per acre. In both experiments, the 
sclerotia were removed from the soil after treatment. 
surface-sterilized with Clorox (5.25 per cent sodium 
hypochlorite), and germinated on sterilized sand at 
64°F, 

As rate of D-D application increased. there was a 
progressive increase in stipe production in both experi- 
ments (Table 1). Where 45 gal. per acre or more was 
used in the 1956, replicated experiment. the increases 
in stipe production over untreated scleretia were 
statistically significant at the 1.0 per cent level. Con- 
versely, as rate of D-D application increased, there was 
a progressive decrease in the percentage of sclerotia 
germinating as vegetative hyphae 

In a third experiment. sclerotia were treated with 
D-D and with each of its component parts. Sclerotia 
treated with D-D or with 1.3-dichloropropene produced 
more stipes than did those that received 1.2-dichloro- 
propane or no treatment. The difference was sta- 
tistically significant at the 5 per cent level. 

In another nonreplicated experiment, 5-month-old 
sclerotia treated with Nemagon (1.2-dibromo-3-chloro- 
propane). Telone (1,3-dichloropropene related 
chlorinated hydrocarbons). or Dorlone (mixed di- 
chloropropenes and 1,2-dibromoethane) produced more 
stipes than did untreated ones. Stipe production was 
not increased by treatment with W-40 (1-2 dibromo- 
ethane). These chemicals were applied at rates about 
1, 2, and 3 times those often recommended for field 
applications. 

The increase in stipe production and decrease in 


germination by vegetative hyphae following treatment 
with 1,2-dichloropropene or D-D mixture indicate that 


1.2-dichloropropene stimulated germination by stipes 
under laboratory conditions. No published report of 
similar findings has been noted. This phenomenon 
apparently occurs under field conditions, for a higher 
incidence of drop has been noted on fumigated soil 
than on similar nonfumigated soil. Also, it has been 
repeatedly observed that the incidence of this disease 
appears to increase following continued fumigation 
with dichloropropene-containing compound.— De- 
partment of Plant Pathology, Cornell University, 


Ithaca, New York, 


Influence of 2 Varieties of Citrus Scions on the 
Pathogenicity of 3 Isolates of Phytophthora parasitica 
to Sweet Orange Rootstock. LL. J. Kuorz, T. A. De- 
Wo tre, Po-Pinc Wonc. Extensive tests during the 
fall of 1955 and spring of 1956 on the resistance or sus- 
ceptibility of various citrus rootstocks to Phytophthora 
gummosis have already demonstrated the disease-modi- 
fying effects of the scions of several citrus varieties, 
species, and hybrids. In the experiment reported here, 
inoculations were made during August, 1957, on root- 
stocks of 30-year-old trees. Disks of bark, 5 mm in 
diameter, were removed with a cork borer from 3 
positions on the trunk at the 4-in. level above the 
ground. Mycelial disks of similar size of 3 isolates 
of Phytophthora parasitica Dast. from potato-dextrose 
agar cultures were then placed on the wood cambial 
surface at 3 locations and covered with paraffined pa- 
per and adhesive tape. After a month the cankers 
that developed were excised, the margin of the infee- 
tions traced on translucent paper, and, with a planim- 
eter, their areas determined from the tracings. Al- 
though the investigations include tests with many root- 
stock-scion combinations and the 2 principal species of 
Phytophthora attacking citrus in California. P. citroph- 
thora (R. E. Sm. & FE. H. Smith) Leonian and P. 
parasitica, the following results from one series of 
tests show the effects of Lisbon lemon and Washington 
navel orange tops in modifying the pathogenicity of 3 
isolates of P. parasitica to Madam Vinous sweet orange 
rootstock. Since P. parasitica has a high temperature 
optimum for growth, the tests were made during a time 


1. Vodifying effect of Lisbon lemon and Washine- 
ton navel orange tops on the virulence of 3 isolates 
of Phytophthora parasitica to Madam Vinous sweet 
orange rootstock 


San 
Ventura Co. Tulare Co. Diego Co. 

Combination isolate isolate isolate 
Lisbon lemon on Mad- 

am Vinous_ sweet 

orange rootstock 29.0 *(3)' 6.303) 
Washington navel or- 

ange on Madam 

Vinous sweet or- 

ange rootstock 15.9 (6) 


“Square centimeters of invasion in 31 days (Aug. 7-Sept. 
7, 1957). 
® Number of trees inoculated. 
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of hot weather in southern California, August 7 to 
September 7, 1957. The isolates were obtained from 
soil and root specimens in the widely separated coun- 
ties of San Diego, Ventura, and Tulare. One inocula- 
tion with each isolate was made on each tree, and the 
positions (north, southeast, and were 
changed from tree to tree for each organism in order to 
obviate the effects of possible variations in composition 
of bark and exposure to weather. Trees were chosen 
whose canopies shaded the inoculated areas of their 
trunks to avoid the possibility of the sun’s striking the 
inoculated areas directly for prolonged periods. With 
few exceptions. the size of the lesions produced by a 


southwest) 


particular fungus isolate varied little, regardless of 
position of the inoculation. 

That the isolates differ in their pathogenicity is obvi- 
ous between the Ventura and Tulare isolates and be- 
tween the Tulare and San Diego isolates; these are 
significant at the 1 per cent level. The difference be- 
tween the lesion areas produced by the Ventura and 
San Diego isolates is not statistically significant. All 
the differences between the susceptibility of the 
Madam Vinous rootstocks of the 2 scion varieties are 
significant at the 1 per cent level. Because all the 
trees at each location were the same age and under 
the same climatic and cultural conditions it is highly 
probable that the statistically significant differences in 
effects on the scions are real. 

Investigations are under way to determine if there 
are any detectable chemical differences in the bark of 
the reotstocks under the various tops. and if some rela- 
tionship exists between any such differences and _ re- 
sistance or susceptibility. Citrus Experiment Station, 
University of California, Riverside, California. 


Effect of Internal Cork on Yield and Grade of Sweet 
Potato Roots. FE. J. Kantack ano W. J. Martin. 
Internal cork was first described by Nusbaum.? who 
characterized the disease by brown to black hard spots 
in the tissue of enlarged roots. It was demonstrated 
to he readily transmissible by grafting; and a virus," 
or possibly a complex of viruses,* was suggested as the 
inciting agent. 

Though internal cork greatly impairs the eating 
quality of sweet potatoes, it is a general consensus that 
yield is not appreciably affected. However, relatively 
few data have been presented to substantiate this opin- 
ion. Nusbaum*® observed small yield differences in 
favor of cork-free stocks, in both high and low fer- 
tility levels and early to late planting dates of the 


growing season. Nielsen® did not find significant dif- 


1 Assistant Professor, Entomology Research Department, 
and Plant Pathologist, respectively, Louisiana State Uni- 
versity, Baton Rouge, Louisiana. 

*Nusbaum, C. J. 1946. Internal cork, a new disease of 
sweet potato of unidentified cause. Phytopathology 36: 18- 
9 

3 Nusbaum, C. J. 1950. Internal cork of sweet potatoes. 
So. Carolina Agr. Expt. Sta. Bull. 381, 23 p. 

4 Martin. W. } B 1950. Internal cork of sweet potatoes in 
Louisiana. (Abstr.) Phytopathology 40: 789. 

5 Nielsen, L. W. 1957. Personal communication. 
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ferences in yield between cork-free and cork-aflected 
planting stocks grown side by side in North Carolina, 
but in his tests the incidence of internal cork at harvest 
was fairly high in stocks that were cork-free at plant- 
ing time, 

In Louisiana during the past 3 years, 4 field experi- 
ments were made to study vector relationships as well 
as determine the effect of internal cork on yield. A 
preliminary report® was made on vector relationships; 
further data on this phase of the work will be reported 
later. The yield data, considered sufficiently complete 
to be of benefit to other workers in this field, are pre- 
sented herein. 

The experiments were arranged in randomized block 
design. Plots were 3 rows wide and 40—45 ft. long, 
with 10-ft. buffer zones between blocks. Plants grown 
in the tests were of the Unit 1 Porto Rico variety. set 
14 in. apart about June 1 in rows 4 ft. wide. Where 
insecticides were applied, intermingling of foliage be- 
tween treatments was prevented by throwing the vines 
back into their respective plots at frequent intervals. 
\ l-bushel sample from each treatment within each 
replication was sliced and examined at harvest to de- 
rive mean percentages of cork-affected roots. Yield 
data were obtained by weighing all roots of U. S. No. 
1 grade,’ and also all other roots from each treatment 
within each replication. U, 
included under total yield. 


S. No. 1 grade roots were 


The percentage of internal cork-aflected roots at har- 
vest and the yield data are given in Table 1. No sta- 
tistically significant differences in the percentages of 
affected roots at harvest were found among insecticide- 
treated plots or between these plots and untreated 


cork-free checks. These percentages did differ sig- 
nificantly from those of the cork-affected planting 


stocks, though the difference did not appear to in- 
fluence the yield of roots that graded U.S. No. 1 for 
Furthermore the total 
vield that graded U. S. No. 1 roots was not widely 
different treatments in any experiment. A 
larger total yield by weight from untreated cork-free 
plots in 1955 did not recur in 1956 or 1957. In 1957 
the total yield of roots in the cork-aflected plots was 
significantly greater than the total yield from cork- 
free plots. 


any year. percentage of the 


among 


Insecticide-treated plots appeared to have consistent- 
ly lower total yields in 1955 and 1957. Precipitation 
was high during the growing season in both of these 
years, and the insecticides, applied at high rates, may 
have been toxic to the plants, 

The results show that internal cork does not appre- 
ciably affect the yield of Unit 1 Porto Rico sweet 
But internal cork severely affects 
quality, every effort should be made to reduce the dis- 


potatoes, since 


® Kantack, E. J. and W. J. Martin. 1956. Incidence ot 
internal cork reduced after foliar applications of insecti- 
cides. Plant Disease Reptr. 40: 410. 

7 Roots were graded on the basis of size and shape ac- 
cording to commercial practice. Since a high percentage of 
cork-aflected roots ordinarily do not exhibit external symp- 
toms, the effect of the diease is not reflected in such grades. 
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Tape 1.—Mean* yield in bushels per acre of Unit 1 Porto 
Rico sweet potato roots and mean percentage of 
cork-affected roots at harvest 


Yield in bu./acre 


otf roots 


Experiments, planting US. affected 
stocks, and treatments No. | Total at harvest 


Experiment 1, L.S.U., 1955 


Cork-affected 189.8 286.0 12.3 
Cork-free 218.0 345.3 
Cork-free + DDT & 12008 ' 73.3 284.3 i 
LSD 5% n.s. 9.4 
1% n.s 18.7 8.5 
Experiments 2 and 3, 1956 
Cork-affected 128.2 191.2 
Cork-free 127. 512.1 14.2 
Cork-free + 12008 “ 117.0 509.0 15.2 
Cork-free + Systox ‘ 129.8 194.3 94 
Cork-free + DDT ‘ 121.4 166.2 9.0 
LSD 5% n.s, n.s. 8.99 
1% n.s n.s 12.61 


Experiment 4, L.S.U., 1957 


Cork-affected 91.8 161.2 24.5 
Cork-free 80.1 133.1 0.8 
Cork-free + DDT ‘ 55.1 88.1 0.7 
Cork-free + Systox ‘ 80.0 120.3 0.3 
LSD n.s 7 6.3 
1% n.s n.s. 9.0 


“Mean of 6 replicates in Experiment 1, and of 4 repli- 
cates in experiments 2, 3, and 4. 

"Treated twice weekly with 10 |b. acre of 10% DDT 
(dichloro diphenyl trichloroethane) dust during the entire 
growing season. American Cyanamid compound 12008 
dithiophosphate) al- 
so was applied at 2 lb./acre once weekly in a water-spray 
formulation from mid-June to mid-July. 

*Combined data from a test at Baton Rouge, Louisiana, 
and a duplicate test at Opelousas, Louisiana. 

“Plants were set in soil treated with American Cyanamid 
Compound 12008 at 8 Ib. acre. 

* Foliage sprayed once weekly with systox (0,0-diethyl-o- 
ethyl-2-mercaptoethyl thiophosphate) at 1 Ib. acre in a 
water-spray formulation. 

‘ Foliage dusted twice weekly during entire growing sea- 
son with 10 Ib./acre of 10% DDT dust. 

* Plants set in soil treated with systox at 8 Ib. acre 


ease by using disease-free planting stock._-Entomology 
Research Department and Plant Pathology Depart- 
ment, Louisiana State University, Baton Rouge, Louisi- 
ana, 


The Peach Constriction Disease. KE. F. Gupa.' In 
1957 Smith and Ramsey 2 described a decay of peach 
fruits associated with a Phomopsis fungus. Their 
studies “indicate that it is the species of Phomopsis 
that causes the constriction disease of peach trees” that 
“is referred to in the current literature as Phoma 
persicae Sacc. (Diaporthe eres Nits.). . . . Presumably 


1 Research Professor of Botany, Massachusetts Agricul- 
tural Experiment Station. Contr. No. 1146. 

2 Smith, M. A., and G. B. Ramsey. 1957. Fruit decay and 
twig cankers on peach. Phytopathology 47: 445-446. 
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Fig. 1. Basal shoot cankers July 6, 1953, following arti- 
ficial inoculation of Golden Jubilee peach tree with conidia 
of the fungus Fusicoccum amygdali in May, when growth 
had started. The axillary shoots eventually succumb to this 
infection, 


it should be transferred to Phomopsis.”. A Phomopsis 
rot of peach fruits in the same general geographic 


area was described previously by Daines and Cohoon.* 


3 Daines, R. H.. and D. F. Cohoon. March 1953. Peach 
canker and suggestions for its control. Horticultural News 
(New Jersey) 34: 2621, 2629, 2632-2633, ©2637. 
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Fig. 2. A) Fusicoccum canker on peach twig with tendrils of conidia issuing from the pyenidia. Specimens incubated 
in a warm, moist chamber after collection on April 24, 1953. B) Fusicoccum ret of peach fruit. The fungus produces a 
dry rot, infection courts are injuries, and pycnidia of the fungus appear with the disease. ©) Peach fruit rotted by the 
Fusicoccum peach canker fungus. The black pycnidia are present in great abundance on the surface of the decayed fruit. 
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Guba? reported a clarification of the pathogen of 
the common peach constriction disease based on speci- 
mens cited by Roberts.°:® The causal fungus is Fu- 
sicoccum amygdali Delacr. It causes a dry rot of peach 
fruits, a leaf spot, and a constriction canker of the 
shoots, all of which may be demonstrated by artificial 
inoculation of the host with conidia of that fungus 
(Fig. 1-3). The history of the disease in the United 
States dates back to 1938. when Roberts made _ his 
study of it. The Fusicoccum pathogen has no known 
ascus stage. The fungus Phoma persicae Sacc., which 
Selby 7% identified as the cause of a peach stem con- 
striction disease in Ohio, was regarded by Roberts as a 
Phomopsis. Selby clearly described and illustrated a 
Phoma. No specimens were preserved. Guba found 
among the many specimens cited by Roberts, examples 
of Fusicoccum, Phoma, and Phomopsis, and chemical 
spray injury. Thus the fungi associated with cankers 
about the nodes of peach twigs are clearly distinct. 
The pathogen associated with the common stem con- 
striction and leaf spot of peach, and the less common 
peach fruit ret in the Atlantic coastal area and _re- 
ported “in current literature.” is not Phoma_ persicae 
or Phomopsis mali, but Fusicoccum amygdali.—Uni- 
versity of Massachusetts, Waltham Field Station. Wal- 
tham, Massachusetts. 


*Guba, E. F. 1955. Some historical aspects of peach 
canker caused by the fungus Fusicoccum amygdali Delacr. 
Plant Disease Reptr. 39: 771-772. 

5 Roberts, J. W. 1940. The constriction disease of peach. 
Phytopathology 30: 963-968. 

6 Roberts, J. W. 1942. The ascogenous stage of the 
peach constriction disease pathogen. Phytopathology 32: 
335-336. 

TSelby, A. D. 1898. Constriction disease of stem and 
branch. Jn Preliminary report upon the diseases of the 
peach. Ohio Agr. Expt. Sta. Bull. No. 92: 233-234. 

8 Selby, A. D. 1910. Peach stem blight. Brief handbook 
of the diseases of cultivated plants in Ohio. Ohio Agr. 
Expt. Sta. Bull. No. 214, 423-424. 
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Selected RONALD books .. . 


PRINCIPLES OF PLANT PATHOLOGY 


ELVIN C. STAKMAN, Emeritus, University of Minnesota, and 
J. GEORGE HARRAR, The Rockefeller Foundation 


major plant diseases, and fundamental considera- 
lationships between plants as economic resources tions of international plant protection and disease 
and the diseases which limit their productivity. control. “Outstanding .. . the first presentation in 
rhis comprehensive examination of the principles book form of the international and humanistic 
f phytopathology relates them to the international aspects of plant pathology.”. Kennetu F. Baker, 
listribution of plant pathogens, the etiology of University of California. 165 ills., tables; 581 pp. 


$8.00 
A GUIDE TO THE HISTORY OF BACTERIOLOGY 
THOMAS H. GRAINGER, Lehigh University 


Authoritative textbook treats the broad interre- 


October 15. The only comprehensive bibli- sable guide for research workers, bacteriologists, 
ography of bacteriology. This book covers the 
literature and history of the science as well as 
biographical references. The bibliographies are 
ilphabetically organized within subject areas and 
ire tersely annotated by the author. An indispen- 


THE EXPERIMENTAL CONTROL OF PLANT GROWTH 
FRITS W. WENT, California Institute of Technology 


librarians, and students which presents a survey of 
representative bibliographical tools for contempo- 
rary interests. Chronica Botanica: Interna- 
tional Biological and Agricultural Series. 210 pp. 

$4.50 


Complete account of the construction and opera- 
tion of the Earhart Plant Research Laboratory at 
the California Institute of Technology. Describes 
methods used to maintain a relatively sterile, light-, 
heat-, and humidity-controlled environment. Book 
reports the results of experimentation on specific 


plants and discusses the phenomena of controlled 
experimentation in plant climatology, photosyn- 
thesis, biochemistry, etc. Five Contributing Authori- 
ties. Chronica Botanica: An International Biological 


and Agricultural Series. 91 ills., tables; 373 pp. 
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NEWS 


Editor: K. W. Kretritow, Plant 


A Distinguished Service Award was presented to Charles 
Drechsler by the U. S. Department of Agriculture at the 
Honor Awards Ceremony. Dr. Drechsler was honored for 
leadership in pioneering research on fungi, getting basic 
information significant to the fields of plant pathology, soil 
microbiology, and antibiotics. 


Honorary degrees were conferred on phytopathologist 
Gilbert L. Stout and Arthur S. Fleming. Secretary of 
Health, Education and Welfare at summer Commencement 
Exercises of Miami University, Oxford, Ohio. Dr. Stout, a 
1923 graduate of the university, was recognized for his work 
in plant disease control as Chief of the Bureau of Plant 
Pathology in the California Department of Agriculture. 


Visiting plant pathologist Minoru Ichinohe of the Hok- 
kaido National Agricultural Experiment Station, Kotoni, 
Sapporo, Japan, will spend one year, beginning in Septem 
ber, with the University of Maryland to further his work in 
Plant Nematology. Part of his time will be spent with the 
Nematology Branch, USDA, at Beltsville. Mr. Ichinohe is 
well known for his description of the soybean cyst nema 
tode, which is now a serious pest in several southern states 


Centennial Citations were received by two phytopatholo 
gists at the June Commencement Exercises at lowa State 
College. Both were honored as being among “100 men and 
women who have made unique contributions to the stature 
of Iowa State College.” They wer George L. MeNew, 
M.S. 1931, Ph.D. 1935, Managing Director, Boyce Thomp- 
son Institute, Yonkers, New York, and Badri Nath Uppal, 
Ph.D. 1925, New Delhi, India, Government official, Agri 
cultural Commission of India. 


Nematologist R. A. Rohde has joined the Plant Pathology 
staff at the University of Maryland to further investigations 
on the nature of resistance of plants to nematodes 


50 years of service at the Louisiana State University is 
being celebrated during 1958 by C. W. Edgerton. Professor 
Emeritus of Plant Pathology. Dr. Edgerton received the 
B.Sc. degree in 1903 at the University of Nebraska and the 
Ph.D. degree in 1908 at Cornell University. From 1908 
until 1923 he was plant pathologist of the Louisiana Agri- 
cultural Experiment Station. From 1923 until he retired 
in 1950, Dr. Edgerton was Head of the Department of 
Botany, Bacteriology and Plant Pathology. He is a Charter 
Member of the Society and has served as President in 1925. 
Dr. Edgerton was the first president of the Louisiana State 
Chapter of Sigma Xi and is a Past President of Phi Kappa 
Phi. In 1956, he was elected a 50-vear member of the 
American Association for the Advancement of Science. Dr 
Edgerton is renowned for his work on sugar cane diseases, 


Phytopathologist G. L. Barnes is now employed jointly 
by the U.S.D.A. and the Oklahoma State University at Still 
water where he will investigate diseases of pecan and of 
small fruits. Dr. Barnes was formerly employed by the 
Olin Mathieson Chemical Corporation 


A Faculty Citation for long, outstanding and inspiring 
service on the staff of the lowa State College was received 
by Joseph C. Gilman at the June Commencement Exercises 
of that institution. 


Industry Station, Beltsville, Md. 


Phytopatho‘ogist David Gottlieb, Professor of Plant Path- 
ology, University of Illinois, spent July 1 to August 15 visit. 
ing laboratories in France, Russia. and Sweden. He at- 
tended the meetings of the Fourth International Congress 
of Microbiology held at Stockholm. Sweden, where he was 
in charge of a symposium on the Taxonomy of the Actino- 


mycetes, 


Virologist Warren N. Stoner has accepted a position with 
International Development Services Inc., under a contract 
with the International Cooperation Administration, to inves- 
tigate virus diseases of basic food crops in the Western 
Region of Nigeria. Correspondence to him should be ad- 
dressed: Ministry of Agriculture and Natural Resources, 
I.D.S. Specialists Section, Moor Plantation, Ibadan, Nigeria. 


A Distinguished Alumni Award was presented recently 
to V. H. Young, Professor Emeritus of Plant Pathology at 
the University of Arkansas by Whitewater State College, 
Whitewater, Wisconsin. Dr. Young was honored for 30 
years of teaching at the University and for his research in 
plant pathology. 


Diseases of ornamental plants are being investigated by 
Paul M. Alexander at Clemson University. Dr. Alexander 
is a recent graduate of Ohio State University. 


Phytopathologist Walter Apt of the USDA Nematology 
Laboratory in Puyallup, Washington, will be on leave of 
absence for six months beginning in August to assist in 
setting up a nematode control effort’ for the Hawaiian 
Islands sugar industry. 


A new approach to the teaching of field plant pathology 
has been initiated by the State College of Washington, 
wherein graduate students and staff may participate in a 
survey of crop disease problems and physical plants of 
phytopathological research centers in conjunction with the 
summer national meetings of the Society. This year’s sur- 
vey will encompass visits to the Experiment Stations of 
Nebraska, Kansas State, Purdue. Illinois, Wisconsin, Minne- 
sota and South Dakota. 


Forest pathologist John S. Boyce. Professor Emeritus of 
forest pathology at Yale University was recently named 
Director of the Bartlett School of Tree Surgery. Stamford, 
Connecticut. Dr. Boyce is one of the foremost forest pathol- 
ogists in the U.S. and is the author of “Forest Pathology.” 
a textbook known throughout the world. 


Plant pathologist G. H. Godfrey retired last April after 
a long and productive career in plant pathology. One of 
the pioneers in plant nematology, Dr. Godfrey spent many 
of his earlier vears in Hawaii after shorter periods as 
pathologist in Montana, lowa, Oregon and with the U. %. 
Department of Agriculture. In 1937 he joined the Texas 
Agricultural Experiment Station at Weslaco where, for the 
rest of his professional career, he worked on diseases of 
vegetables, citrus and cotton. He will long be remembered 
for his many valuable contributions to the profession. 


For sale: Phytopathology Vols. 20 through 46 bound. un- 
bound to present. If interested contact C. P. Starr, U.S. 
Smelting. Refining and Mining Co.. Salt Lake City 10, Utah. 
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PROTEOSE PEPTONE NO. 3 is particularly 
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gonorrhoeae and Corynebacterium diphtheriae. 
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and study of Streptococci, Pneumococcs and 
Fungi. Media prepared with Neopeptone 
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BACTO-TRYPTONE is especially adapted for 
the elaboration of Indol and for use in media 
to detect Hydrogen Sulfide production. 
This is recommended in ‘‘Standard 
Methods for the Examination of Dairy 
Products’’ of the American Public Health 
Association for the medium used in milk 
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of casein recommended for use in the 
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for the preparation of media requiring 
an enzymatic hydrolyzed casein. 
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of Indol production by microorganisms, 
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BACTO-CASAMINO ACIDS is an acid 
hydrolyzed casein originally prepared for 
the production of diphtheria toxin in 
peptone free media, oan since adapted for 
other toxins and vaccines. Iron, copper, 
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from Bacto-Casamino Acids. This 
hydrolysate is excellently suited for 
nutritional studies of microorganisms. 


BACTO-CASAMINO ACIDS TECHNICAL is an 
acid hydrolyzed casein recommended for 
use in media where amino acids mixture 
are required as a source of nitrogen, and 
the sodium chloride content is not a 
limiting factor. Bacto-Casamino Acids 
Technical is of particular value in 
nutritional studies of bacteria. 


BACTO-VITAMIN FREE CASAMINO ACIDS 
is acid hydrolyzed casein, free from 
vitamins. It is recommended for the 
preparation of media for microbiological 
assay of vitamins and tryptophane. This 
hydrolysate is a valuable aid in studies of 
growth requirements of microorganisms. 
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